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ON THE MINIMISATION OF BOOLEAN FUNCTIONS 

A. K. CHOUKHURY and M. S. BASU 

Ljsthtitute of Haoio PjIYHTC'S and Edicotrontc 8, 

UnJVKRSTTY OT’ (IaLCT)'J’TA 
(AWciiicd .lull) l.T, 1961) 

ABSTRACT A syntiMiiaHr ]»i‘ 0 ( rdiuc* lor fiudiii^ out all tlx" lumirnal lorins of a Boo- 
)(Riii Iiiricljou IS pic'siMiU'd in this ]m|)io\ A ^loiijiin^ (‘hurl. hu,s liren doviHorl for doiej'iiiming 
till’ jiiiiiiL' iiii])lu-auts‘ iiinl iilonliilving (.In* o.s'.iMil.ial jiriiiie inipln-iinl s. A uonvoiiieiit ft'iituio 
ol tli(' (‘liiii'i IS tluit li run bt' onsdy iiin Jianisod. 

1 N T B () D U (I T 1 O N 

Til tlie (leHigui oT SM'ilduii^ ciiciiiis using iliudcs as logu-al oleiuenLs, jT bocoincs 
jici'ossavy to find out an airangcinont which will reipiire ih(‘ luiniimini nunibov ol 
(liodos Ibi' any sjioi'dlcd switching oiioration lor ocoiiomy of conipoiieiits Appli- 
cation of Boolean idgelii'a loj‘ this piiijiosc is (jnite comnioii. The output per- 
loiTiiaiiee of the switching circuit is specilied in terjiis of a Boolean function of 
tile in[)iit. vaiiables Then by a])plving Jhioleari algebra the inininial form of the 
function as sniii ol ih(‘ products is found out By iniiiinial form we mean an 
cxpi’essioii of iTi(‘ TToolean function Avhich involves the smallest number of literals. 
This Avill generally conesiiond to the utilisation of the smallest number of diodes 
in the design of the switching (iiciiit. 

(t 1) N K R A L 0 U T L I K 0 V A V .A I I. A B L E M E T H 0 D S 

In all the available methods of mmimisaiion, one basic principle is applied. 
If a Boolean function is true lor .Y • T and also true foi A" ■ 7, then both these 
statements are ineluded in the simple statement that the function is true lor X, 
Expressed alg(d)Ti(’,ally, the theorem is AT 7 | X7 = X TlieTefore, if Wo terms of 
any Boolean function differ by only one variable, the two terms can be combined 
to form a nev^ term oliminating that iiarticular variable. 

Thus in an actual procedure sugge.sted by Quine (Quine, 11)52) the different 
terms of the given Boolean function are compared amongst themselves and 
new terms arc formed, whenever possible, in the above mentioned way. The 
newly foi'ined terms are again compared amongst themselves and elimination of 
one more variable is done, Avhenevei possible. This procedure is continued till 
no fuTthcr elimination is jiossible. All the neAv terms thus obtained and also the 
original terms that could not be combined wdth others arc known as prime impli- 
cants of the function. Some of iJie prime implicants may be essential and they 
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must 1)C‘ juduclcd jn the linal exjwession of the niimmal form. Otherwise, some 
oi the terms of the on<^iniil Boolean funetion will remain uiieovcrcci. Out of the 
other noii-esHentiai prime implioants, only those arc chosen for iiieliision m the 
tiiifil expression whidi will most eeonomieally cover all th(‘ other terms ol the ori- 
j^inal function. Tlius in any method of minimisation the three stejis to be per- 
formed are (I) determining the prime implicaiits, (2) finding out the essential 
prime implioants, if any, and (3) finding out the most ei onoiiiical coverage for the 
terms not imhided b.\' the essential prime implioants. 

In the pT(‘S(‘nt paper, a method is presented m whicli the labour involved 
in the first two st(‘])s is very greatly reduced by taking help ol a chart which can 
be called “The (lioiipmg (hart” By visual msjiection of the ehait the terms 
ol the original function which are related by one change of variable, are readily 
determined and the prime implioants and the essential pi ime implicants, if any, 
aie (juickly found out A systeiiiatu ])roceduie lor the third step is suggested 
Avhich leads to the detei mmatjon ol all the minnual lorms of the lunction 

Tirt] (i K P 1 N (i (UfAMT 

'file (hoiiping (Miart. as the name suggests, furnislies all the mfoi maf.jous 
legardmg grouinngs amongst the ditteient terms of any given Boolean funetion. 

The variables of a Boolean fiinetion as well as the timction itself aie binary 
ill nature. Any tym or state of a binaiy fiiiictioii /(.r„. ... r,,) of u-vari- 

ables can bo expiesserl by an equivalenf. deeimal numlicM'. The term or state as 
derived fioin any roiv ol a truth table is a bmaiy nuinhiM' and is ('((im alenl to a 
deiamal number K wheie 



JL\ IS the (<-| l)th digit ol file bm.i.iy number Thus m a four variabh^ funetion, 
the term lOlO is eijuivaleiit to 1a 2^ | 0 - 2“-|- 1 '2^ 1 0x2*^ -- Id. A" can iiave 
2” values, viz., 0, 1,2, ...2” — J. One can, therefore, Avnte a Boolean function 

,/('<’«- 15 -Oi ‘j' -- ■*'()) ~ 

With each term of an y/-varjahle function are associated a othei teinis which aic 
related by one change of vaiiable. As an cxamxile, m a five-A'^ai lable function, 
the term 0 is related to the terms 1, 2, 4, S and 10 liy one change of variable. 
Similarly, each of the terms 0 to 31 ol a fivi‘ variable, function is redated- to five 
other terms by one change of vai lable. The tei ms whiidi arc related hy one change 
of variable can be giouxied togethei and in their representation hy Boolean vari- 
ables, eliniinatjon of one variable aauU result. Thus 2 and 3 can lie grouped together 
and is rejiresented by after elimination of the vanable .rj,. These groujis 

of two terms can lie I'ombincd to form groups of four terms jiroviclcd two groups 
of two terms are again related by one change of variable. Thus groups of tAvo 
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(-cnns (0-i) can grouped \Mth (2-3), or (4-5) or (8-9) or (15-17) to forui groiip^ 
ol four terms — (0-1 -2-3) or (0-1 -4-5) and so on Tii their representation, oliiuina- 
tion of t\io variables results. It is very easy to knou Avliich variable is to be 
oliininatcd when two groups of tw^o terms are combined to fpnn a group of four 
terms. Tf the leading ttums of the two groups differ by 2^ then the variable .r, 
IS to be eliminated. Thus in the formation ol 0-1 -4-5 by combining 0-1 
and 4-5, 1 and 5 differ by 2-, and hence the variable to be eliminated is .r,. 

The total nuinbei of terms related by one change of variable to any term 
ol the given Boolean function, as well as the groiqiings of the teims of the function, 
Ihe prime impli(;ants and essential piime imphcants, if any, can be very easily 
found from the giouping chart 

The chart, is con.structed in the following manner A sc|uared paper is taken. 
Numbers 0, 1 , 2, 3, 1 , ... (2” - 1) which re])iescnt different terms of Boolean 
funi.tjons are VTittcn at. the to]) as c.olumn headings Similarly, the rows arc also 
mai‘k(‘il by tire same numbers 0. I, 2, 3, 4, .. (2^' — 1) The total number of rows 
or columns in a chart for variables will be 2". Any scjuaie on the graph is 
designaterl by ils roiv and column numbers. Now let us take iqi the row 0. Wo 
know that the term 0 differs by one variable from tlie terms 1, 2, 4, 8 and 16. 
The stiuares 0-0, 0-1, 0-2, 0-4, 0-S and 0-16 arc marked by dots at the contie. 
The term 1 is related similarly to 0, 3. 5, 9 and 17 So the sipiares 1-0, 
1-1, 1-3, 1-5, 1-9 and 1-17 are marked by dots. In tins iVay all the different 
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rows aro considcierl. Oblique lino is drawn tJiroiigli each dot m any square and 
the eonseeutivo obliijue lines are joined. A chart for five variables is sliown 
in Fig. 1 . There is one continuous diagonal line and other off diagonal oblique 
lines in shorter oi longer sections. 

Tt v ill be seen IVoni the chart that if we move along any row or any column, 
til ere vill be n intersections with off diagonal oblique lines. The row and column 
numbers by which those squares are designated also give the teiins which can 
form groiijis of two. Thus if we move along row 8, we find that there are inter- 
sections with oblique sections on squares K-d, 8-9, 8-10, 8 12, etc., which 
means that tlie terms 8-0, 8-9, 8-10, etc., can form groups of two. Again, 
if Ave move along two rows or two columns, headed by terms which differ by one 
variable, the interseitions in these two rows oi columns with the off diagonal 
oblique continuons sections an* terms Avliich I'an form a group of four. For 
example, if Ave move along columns 8 and 10, there are intersections on off diagonal 
continuous line at 12-8 and 14-10 I’his means 8-10-12-14 can form a grouj) of 
four. 

The different uses of the chait will now be illustrated by an actual example. 
lA’t us say that the terms of a given llooleaii function aro twelve in numbei , a’^iz , 


0, 2, 4, 6, 8, 10, 1 1, 12, 18, 14, 10, 18 


We draAv^ vertical and horizontal lines on the grouping cJiart thioiigh all those 
points Tliere Avill be 12‘^ i.e , 144 iioiiits of intersections. But only those inter- 
section iioints A\hich fall on off diagonal lines will be significant for ns A chart 
Avjth vertical and horizontal lines di awn through the given terms is shown in Fig, 2. 

If Ave move along the horizontal line through 0, in the chart, it is observed 
that there are intersection marks at 2, 4, S and 10 in addition to the intersection 
mark at 0 on the diagonal line This indicates that hir the given I'unction 
the term 0 differs fioni foin terms (2, 4, 8, 10) by one vaiialile and in a minimi- 
sation problem A\e can form groups of 2 like 0-2, 0-4, 0-8,0-10 resulting 
in the ciiminalioii of one variable Again, if aa'^c move doAvmwards along verticals 
through, say, 0 and 2, it is found that there are intersection marks on the same 
oblicpie lino at squares (4 -0) and (6-2) This indicates that 0-2-4-0 can form 
a group of 4 and eliminatjon of twu^ variables is possible Similarly, all the other 
groiqis of 4 that can be foriiicd by the term 0 can be found out. It A\dll be found 
from the chart that Aawtical lines through (0 and 2) have intersection marks Avith 
oblique lines at (8-0), (10-2) and (16-0), (18-2) sejuares. Other groups of four 
Avilh 0.2 aro (0 2. 8.10) and (0 2.16.18). 

If Ave move dowiiAvards along vertical lines through 0, 2, 4 and 0, Ave find 
tliat there arc intersection marks at 8, 10, 12, 14 on the same oblique line. This 
means that a gionp of eight can bo foimed Avith 0-2-4-6-8-10-12-14. Essential 
prime iinphcants, if present, can also be easily detected by the help of the 
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chart. Let us suppose that in a Boolean function, a term is found to differ 
by one variable from only three other terms of the function. Now, if that term 
can be included in a group of eight as explained above, then it is quite obvious 
that any further grouping with higher number of terms is not possible, Hence 
the prime implicant formed by the elimination of three variables will be an essential 
prime implicant with respect to the term . The number of other terms of a function 
which differ by one variable from a particular terju will be called the weight of 
the latter term (Svoboda, 1957). So, in general, we can say that in an n-variable 
function if the weight of a term is h and if it is included in a group of 2* terras of 
the fumition, then the resulting prime implicant will be an essential one and it 
will most economically cover the term in question. In our example, the terms 
4 and 8 have weight II and hence the group (0-2-4-6-8-10-12-14) will be an 
essential prime implicant with respect to the terms 4 and 8 

In one more respect the Grouping Chart reduces unnecessary labour. While 
considering any term of a Boolean function, it is only necessary to think of its 
groiijiings with other terras which will come to the right of the diagonal line, for 
example, let us say that we are considering the term 10. Then wo need only 
to think of its groupings with 11, 14 and 26. A.11 relevant informations regard- 

ing its groupings with 2 and 8 must have been already obtained while consider- 
ing the terms 2 and 8 as we are proceeding systematically from lower to higher 
order terms. This considerably reduces the labour by eliminating the possibility 
of the recuri'cnco of the same groupings again and again. 

The chart can be mechanised very easily. A method of mechanisation of 
the grouping chart is described in a later .section of this paper. 

,S Y S 'r v: M /\ T 1 c procedure E O R M I i m i s a T l o n 

The suggested procedure for minimisation of a given Boolean function uti- 
lising the grouping chai t can be outlined as folloM's 

(a) Vertical and horizontal lines are drawn on the grouping chart through 
all the terms of the given Boolean function. 

(b) A table is made. In the first column of the table all the terms of the 
given function are entered starting from the term designated by the smallest 
decimal number and then proceeding in the ascending order. In the second 
column, the weights corresponding to each terra as read out from the chart are 
entered. 

(c) The first term of the tabic is taken up. All the groups of two that it 
can form combining with one other term is noted is column 3 of the table. Simi- 
larly, all the groups of 4, 8, 16, etc., that can be formed by the term with other 
terms of the function, are entered in columns 4, 5, 6, etc,, of the table. These 
can be very easily found out from a glance at the grouping chart. 

(d) If the weight of the term happens to be k and a group of 2** terms can 
be formed by it as read out from the chart then that becomes an essential prime 
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iinplic ant iosf)o( t (o the term. If the weight of the term does iiot natisfy 
thiK coruliticni, tlien il will not he An essential prime imiilieant with respect to 
the tei'in and we \i ilJ have to see M'hethcr this is so with respect to any other 
term t)r not 

(e) A sin \'(‘v of lh(‘ \\'eiglits of all the terms present in the largest group of 
tJie fiisl leni) is made If any of them satisfies the condition mentioned in step 
(d), then tlie\' aie maiked with a cross and they need not he (sonsidered any 
further, I’he groii]) is also marked to denote that it is an essential prime impheant, 





Ftg. 2 (>ioii|iing Hmrl Avitb the fimeiion / = 2(0,2, t.6,S, 1 0. 1 1 ,t 2. 13,1 4, 1 6,1 8) 
plotted on it, 

(1) Lire next uneiossed term is then taken iij). The prooedure mentioned 
m stej) (c) is repeated for tins also In this Avay all the terms arc examined and 
a seaich for essential prime implicants is made. All the essential prime impli- 
cants are marked and the terms whieh arc covered by them are crossed out. 
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While considering any particular term, we need ctmeentrate on finding its 
grouping with higher order terms only. That is, we ne(‘.d only to look horizontally 
to the right of the diagonal line on the grouping (;hart. Alter finding out the 
essential prime implicants and crossing out the terms (iovered hy them, we aio 
left wuth a nuinhcr of non-essential prime imjilicants and also th(' remaining terms 
\rhich arc still to he covei*ed The next part of the problem is to fshoose out the 
prime imi)li(;ants W'hich wall give most economical coverage to all those terms. 
In order to achieve this we start Iroin any one ol the terms and a prime implicant 
which can cover that term is taken up. Then other jiiime implicanls aie grouped 
with it, k(*eping in minrl that no term wull be covered inoie than once. Ulti- 
mately a. stfige will lie r(‘a(;hed when it will be found (hat somi' term ot terms 



Kig 3 A inucliuiiiticrl grouping chait foi five viirinblos. 

aie remaining uncovered ami they cannot be coveied without inaKing some other 
term covered twice. All the diffeieiit ways of doing this are tried and the minimal 
lorms are selected out.. The systematic procedure is b^^st explained by taking an 
actual example. 


EX AM PL M 

To find out the minimal forms of the following 4-vaiiabl(', Hoolean function ; 
/ ■--- 2(3, 4, 5, G, S, 9, 10, 13, 14, 15). 

(a) Vertical and horizontal lines arcLlrawm on the grouping chart through 
the given terms of the function. 
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(b)-(e) The following table is made and entries are done in the different 
oolumna by utilising the grouping chart : 

TABLE 1 


ToniiH 

Woighfc 

Crroup of 1 

Group of 2 

Group of 4 

X3 

u 

(3) 

Nil 

Nil 

4 

2 


4-5, 4-fi 

— do- 

.T 

2 


5-13 

— do- 

0 

2 


(1-14 

— d o - 

s 

2 


8-fl, S- 10 

-du 

il 

2 



-do 

H) 

2 


10-14 

(lo- 

13 

3 


13-15 

- do 

14 

3 


11 15 

— lIo 

IT) 

2 



-do- 


Tho weight of the term H is 0 and aa such the i,enn H is an essential prime implieant. 
The teiin 8 is (Tossed out and the group 3 is marked l»y a circle. It is found ihat; 
no group of 4 can be formed by the terms. So the groups of two as enteied in 
the last but one column are the prime implicants. Now we aie to find (uit the 
mo'^t cconomi(^al coverage for the other terms excepting the term 3 utilising these 
prime implicants. We can stait from any term. Let ns start from the term 4. 
We sec that il can be covered either by the prime implieant 4-5, or 4-b. Let us 

take (4-5) and combine one more prime implieant with it so that there may not 
be any repetition and four terms will be covered. All the different ways of 
doing this are noted down as below ' 

(4-5), (6-14) 

(4-5), (8-9) 

(4-5), (8-10) 

(4-5), (9-13) 

(4-5), (10-14) 

(4-5), (13-15) 

(4-5), (14-15) 
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Now we will combine another piiiiic iiiiplicant so that again there may not 
be any repetition and six ternrs may be covered : 

(4-5), (6-14), (8—9) 

(4-5), (0-14), (8-10) 

(4-5), (6-14), (9-13) 

(4-5), (6-14), (13-15) 


(4-5), (8-9) (10-14) 
(4-5), (8-9), (13-15) 
(4-5), (8-9), (14-15) 


(4-5), 

(S-10), 

(9-13) 

(4-b), 

(8-10), 

(13-15) 

(4-5), 

(8-10), 

(14-15) 

(4-5), 

(9-13), 

(10-14) 

(4-5), 

(9-13), 

(14-15) 

(4-5), 

(10-14) 

, (13—15) 


The horizontal lines are drav^n for dividing into gi’oups, the members of which 
differ amongst themselves only m the last prime iinplicant While searching for 
another prime implicant which can lie included, comparison is made among 
mcmiirs fif tlie same group. 

We can proceed one step further and include one more prime implicant 
covering eight terms without any lepetition . 


terms remaming uncovered 


(4-5), (6-14), ^8-9), (13-15) 10 

(4-5), (6-14), (8-10), (9-13) 15 

(4-5), (6-14), (8-10), (13-15) 9 

(4-5), (8-9), (10-14), (13-15) 6 

(4-5), (8-10), (9-13), (14-15) 6 


It is now evident that it is not possible to proceed any further in the same 
way and the terms which are remaining uncovered (sannot be (covered without 
making any repetition. 

2 



10 


A. K, Choudhury and M. 8, Basu 


If we start frojn the last expression, M’e ean see l)y consulting Tahlc I that 
(i can be included either by taking the iirime iiuphcant (4-6) or (6-14). In a 
similar way wc can find out all the coverages for the remaining terms 9, 10 and 15. 
All the dillerent exjiressions that arc obtained are written down. 

(a) (4-5), (4-6), (8-10), (9-13), (14-15) 

(1)) (4-5), (6-14), (S-10), (9-13), (14-15) 

includes 6 

(c) (4-5), (4-6), (8-9), (10-14), (13-15) 

(d) (4-5), (6-14), (8-9), (10-14), (13-15) J 

(c) (4-5), (6-14), (8-9), (8-10), (13-15) 

includes 9 

(/) (4-5), (6-14), (8-10), (9-13), (13-15) 

(g) (4-5), (6-14), (8-9), (8-10), (13-15) 1 

>■ includes 10 

(h) (4-5), (6-14), (8-9), (10-14), (13-15) J 

(i) (4-5), (6-14), (8-10), (9-13), (13-15) 1 

includes 15 

(j) (4-5), (6-14), (8- 10), (9-13), (14-15) J 

It is found by inspection that (e) and (g) are identical. 

(d) and (h) are identical. 

(f) and (i) are identical. 

(b) and (j) are identical. 

(So, (g), (b), (i), (j) are cancjelled out. We arc left with the folkmiiig (after in- 
eluding the essential term) 

(a) 3, (4-5), (4-6), (8-10), (9-13), (14-15) 

(b) 3, (4-5), (6-14), (8-10), (9-13), (14-15) 

(c) 3, (4-5), (4-6), (8-9), (10-14), (13-15) 

(d) 3, (4-5), (6-14), (8-9), (10-14), (13-15) 

(c) 3, (4-5), (6-14), (8-9), (8-10), (J3-15) 

(f) 3, (4-5), (6-14), (8-10), (9-13), (13-15) 

All the above, six exju’essions are the alternative minimal forms of the tiriginal 
Boolean function as each of them is (;omposed of six prime implieants and the 
dimensions of the non-essential prime implieants are all equal. 

It may be rccallcfl that wc started Avitli the term 4 whicli is covered by the 
prime iii;plicants (4—5) and (4—6). Wc eliose (4-5) as our starting point and 
arrived at the above six minimal forms Instead of that we could have as well 
started from (4-6) and that would have given us the other minimal forms. 
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Those ean be foiiiicl out following exaeily the same proe.edure. The other nimimal 
forms are four in number, viz. . 

(g) (3), (4-b), (5-13), (S-10). (9-13), (14-15) 

(h) (3), (4-fi), (5-13), (8-9), (10-14), (13-15) 

(i) (3), (4^G), (5-13), (8-9), (8-10), (14-15) 

(i) (3), (4-6), (5-13), (8-9), (10-14), (14-15). 

It may be mentioned that the example ehosen here to illustrate the method 
IS rather simple in the sense that all the x^rime implicants arc groups of 2 and 
there are no grouxis of four or higher order groux^s x)resent. But even when all 
the x^rime imx)licants are not of the same order, the method will still be aiiplicablc. 
Tlie labour involved in finding out all the minimal forms may be somewhat more 
in certain oases. 

M K r H A N 1 S A T T O N OF THE ({ROUPING CHART 

A grouping chart lor five variables can be easily mechanised in the following 
manner. On the front lacie of a wooden board a grouping chart for live variables 
IS painted vutli xii'oiumeiit liru'S The thirty-two rows and columns of the chart 
are marked liy numbers 0 to 3 1 . On the back side of the lioard thirty-two vertical 
and thirty-two horizontal wnes are fixed ux) which are all insulated from each other. 
Small holes are made on the centres of those scpiares of the grouxiing chart through 
which obluiue lines x^ass and a lamx^ is xilaced at the back side of each of such 
squares, so that the glow of the lamps can be viewed from the front side of the 
board through the holes. Tlu' terminals of the lamx) at the back of any square 
are conneided to the vertical and horizontal wires x)assiTig through that square. 
There are 32 switches numbering from 0 to 31. The function of any switch is 
to connect a battery bet^^cen the eorresx3onding vortical and horizontal wires. 
So, if we make swilch number 5 on, the lamp on the diagonal line at the crossing 
of row 5 and column 5 will glow While considering anj?^ Boolean function, it is 
only nccossary to make those switches on whose numbers are same as the term 
numliers of the function Lamps at all the significant intersection jioints of the 
grouxung chart will glow and at a glance all necessary information regarding 
groupings can be found out . The labour involved in having vertical and hori- 
zontal lines drawn on the chart every time a new function is handled is entirely 
eliminated in this way. In x^late No. 1, the mechanised chart is shown. 

C O N C 1. U 8 1 O N 

A method for finding out all the minimal forms of a Boolean function has 
been presented in this paper. The mechanised grouping chart, as explained 
in the paxicr, renders the task of finding out the prime imx)licants and detection 
of the essential x>nme imiilicants extremely ea.sy. The procedure for finding out 
the minimal forms is ipiite sti aightforward. 
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VARIOUS APPROXIMATIONS FOR THE ISOTOPIC 
THERMAL DIFFUSION FACTOR. II. APPLICATION 
TO HYDROGEN ISOTOPES 

,S C! SAXENA* and V. A rAUUESHI 

A'I’omu Enkrov E.stahmsiimknt Tuojmha^, JioisruAV 
{licren^cd Avfjw^t IK, I0(»J) 

ABSTRACT. Nuiiif'i'K‘n,l culi-nlal.ions tiiu' piafoiiiK'd loi thr lluiniul (]il(ii,sit)ii furlor 
f)!' liytlt'op;(iu lu (.(I'ljiinfliou wtlli Uu- A?^nrJOii.s Lln-on'ljfa] (ojdiuIhc Erw lorJjJiilur 

iiH' (ii'nv(Ml foi tlic Iwn liimUiig com (*iil i.il ions ol ili(‘ Inn.iry iinxiuu'.s M’lu'.si' loi'ninlm' lur 
lui't/lii'i by (^\|)iin(ling iii ti'mis ol (lio krUuimI mass anil also as jui.io oi tlu' Iavo 

moli'iMilai' masses Tlu' ac*fuiar‘?i*s ol llicsi* a|)|)i oxnnaii' loiiiiijJnc an* (‘shmnk'd by comimii- 
soii against the rigoi oiM foiTimlai' J in sovmmiiI intorostiiig Innary niixtnros ol liydrogiMi j,so(o]u.‘h. 
Xliproviiiiato fiilonlaLions am done to (‘Htinialo I ho ipiaritum oorioolions 

J N T H () I) IT (! T ION 

The* tfisk of (1(‘1 crminiiig the ititerniolcculsAi lorees from exptM-imeiiial tlietnial 
diffusion datcT I'etjuires kiiow^ledge of ilie accurate ilu‘oreticiil exju’ession loi the 
tliennal diffusion faidtir, Tins is not ahvays readilx’^ availalile, as tlic infinite 
seriPiS representing lias a jioor convergence and reqinri^s lo be investigated 
foj' the specific! cases, (Uiajiinan-fknvling (11)53) in tlie hope to have faster 
conxmrgencie, Kiliara (lli41)) develojied another version of tins infinite senes which 
has been coiisiderablv extended and apjilied by Mason (1057), and Saxena and 
Mason (ll)5S). Kihaia sehcnio does not always yield accurate results (Mason and 
iSaxeiia, 1951)), and the only alteiiiative is to perform these laborious calcula- 
tions for tile indiNo'diial gases to arrive at the right conclusion. 

Thcrnial diffusion factor, ath'astin lower approximations, is better represented 
by an expansion in terms of the i educed mass. For the case of heavy isotopes, 
where the redu(!ed mass Is small; eimsideration uji to the first power is usually 
sufficient HovT'ver, if the reduced mass is not small, terms of higher penvers 
have significant contribution Thus, Saxena and Fardeshi (19G1) found it essen- 
tial to consider the expansion up to second iiower of the reduced mass for helium, 
In this paper the relative adcrpiacy of tJic various exjiri'ssions of has been 
invijstigated for rho hydrogen isotopes Hydrogen has a stable isotope, deutermni , 
and a ladioactive isotope, tritium; both eheinically exchange Avith the normal 
hydrogen and produce more speeies. Numcrieal eoinimtaiions have been per- 
formed and new formulae arc develojied for the various isotopic mixtures whu’h 
Aililit'SR . Jlradi'r in PliyHits, liajasl ban Uznvri.'iily, Jaipui’ 
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arc* likdly io l)c pi-csoni in actual experiments. The mixtures whore the heavier 
('(jmponenl may lie in trace arc piveii special attention in view of their practical 
importance*. 

FORMULAE FOR Uj, 

According; to the rigorous Chajinian-Eiiskog kinetic theory of gases, the 
w-lJi (’!hapman- Cowling a})proximation for a^i is, Chapman and Cowding (1953), 


F/v I 

I ^Tm 


5 

2 




I 2Jf, ‘ I ^ 


X.Xo-/™' ... (1) 

M'here and JTj ai e the mole fractions ot the two components of moleiiular weights 
and M., lespectn-ely The quantity is a determinant of (2w + l) order, 
the general term of which is r/,j where i and ) range from — m to -|-m including 
zero, Tlie minor of obtained by deleting the row and column containing 
a, I IS denoted by the symbol To the first approximation, Eq, (1) can 

he cast into the folloiving familiar form 








where all the cjuantities are as previously defined by Saxena and Pardeshi (1061). 

(diapman (1941) expanded Eq. (2) in poAvers of the reduced Mass, M. His 
result IS 

-yM{X\~X.J]M, ... (3) 

in which 


I , „„ _ i.w-'*- r.) 

" ’ 2.4»(IG/1*- l2B*+.'iri) ’ 

and 


:y5^^*) _ _2(i2^+i?) _ 

2(5 1-2^*) (16^'*--127i*-hr>6)’ 


... (4) 


(5) 


.1*, B* and C* have their usual nieanmg. The limiting case, AT;,— >0, is. of special 
interest and Ecj (1) get.s considerably simplified, AVc have then 

- -(6C"^-5)(, 9, /(?,), 






... ( 7 ) 
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and 


Larla”*'' = ^ ( 


ur 

L 


(«ioa'22-a._o«'iJ l^r. 

(« a 2^ --a j^2 la) - 


2M,, 


[ 


I 11^* 22 


(^-1 0^ _2-2 “ -20 ^^'"- 1 - 2 ) 

-2-2 ® -1—1 ^— 1 — 2 ) 

12^)~^(^^ -2'2^^ -1-1 -1- 2) ^ 


{(r/.gy a ]2 «1(, a- ,,^){ft _2_2 ^^'-11 ~^^l-2 - 1-2) 

+ («J0^t'l.-'^20''''ll)(^*'-2-2«'-12 -^^-22«"-l-J}] ‘ (^) 

1’hc various areas defined fiy Mason (l‘)54). Etj. (M) was derived liy Saxena 
and JJave (11)61). Keepin^^ in view the relative magnitudes of the various terius 
we have put Eq. (8) in terms ol 31. The lesult is 





4.3 

-1, 




jtr^ , Ji” 
24 04 


( ) H . {A,(A,-5A,l'2)-A(A,,-Anl-2)-] {A,,A„ -A,A„) 

-{AJA,){A,A„-AA„)}^^ . ... (9) 

The various A, of 15t(. (D) are given 111 the Appemiix. 

Saxcna anil Dave (11)61) have also expanded Eq. (1) in poAvers of {MJ3'fi). 
The linal results, as applieahle to isotopic mixtures, are 




5(6i;*-5) 
4V2 A* 





^2^ I 1 

3{{^ I 24 


-2^2^*+ 2 ( 1 + 2^5^* )|] . ... (10) 

and 

TMa"' = [l20(6-F4«i)-{16V-2>l*(6-r.^) K»0fc 

+ 1200c(J} {\6y/2ijA*(h- f“)-2T()0crf-225fc-|-46e-| 128/c) j. ... (11) 
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Tli(‘ Viinous ({Iiiintitius of K(j. (11) are rlefiiierl by" Haxeiia and Dave (1901) except 
tlu' varjoiis ,snl),scn])ls (‘Jiar.i. lei iziiip the iiioleculai species me all the same foi- 
isotopit; iMixliiics, 

'J^lie ex])r(’ssi()iis loi (lie other Innitiiig end, viz , > 0 , have also been worked 

Old bv Sa^eiui and Dave (190D/). We hnally get 



... ( 12 ) 

- l“ol,”“U yj^m, 

... (13) 


and 


I -- I i/iia: . - " 
\^Th — .y 


I 31, \-I\T, 
\ 2 M^ “ 




iff' 2-l:-«-l-2“) 

+ (''b — l)(“ 'loff' l-'l- ff-wff' -2-d 


Wl_ 2\/[_ ff "-1-2 

23L, I wr. 1 /\ a \ 


(14) 


On Kihaia ajipi'oxiiiiation scheme oiilv the first and second ajipToximations 
have liecn voiked out The results on this sdienie are ])nnH‘d ni this paper toi 
(bsihigiiish from 01iapman-(-ovvlnig results. Tlie general expressions for 
[(Xj/ 1/""^ and are given liy Saxena and Tardeshi (1901) The second 

approximation is 


LaVJs’"" - la3.|r'MI + AV) i - (i5) 

where K\ and f\\, are given by Mason (1957) For the paiticular case whtiii 
Xj — >0 we get 

5)(,W.,), ... (10) 

- (17) 

vvheio the defining etpiations foi Q,/, | and 7 ' aiegiven by Saxena and Pardeshi 

(1901) is jgam given by Eij (15) excejit K\ and ]\'» have different ex- 

pi’essions and tliese are given by Saxena and Dave (1901), TJiese expressions arc 
consideralily simplified by exyianding in powers of the reduced mass Thus, 


AY- (8A*-7)M- 


_.fl2'“. 
^ ■»!> 


1 +M ( 

-^00 

-^12 _ 2 \ ] 

L ^ 1 iz\_^ 

^ ^'11 

z\, J.r 



Various Approximations for the Isotopic Thermal, etc. 17 


-- ^01^ ^ + ^01 ^ "iz 12^ ISS 

^ 11^ 22 11^ 11-^ 22 ^ 11^ 11^ 22 

^ IS'L il 2 yTj 

- i I'J'r: + PA{*+1 ft:)]- - 

floj'o Ihc various Zij are obtained from the oorrcspoiiding c,j and a,j of JVIason 
(19f)4) by putting ilf, = and assuming the various subseripts referring to the 
luoleeiilar spi'oies to be the same. On expanding the rigorous expressions in 
jjov'ors of MJMj_ w(‘ get following Saxena and Dave (1961) : 


5(6(/*-5) 1 
4V2 ^* L 

- (^' 



{IS 

\24 


_ V2 , 

15 

+ 15^* 

C+’f? 

..)) 

Jlf/1 

M\‘ J . 

... (19) 


- ..,1, { .+ 

/ , 3(5-4/?*) \ [ (60*-5)(8i?*~ 7)2 

I ■ 4(6C'*-5) J “* L “ 252 


5(6(7* -5) J 5 
4r^^A* \ 2J 






5(0C*-5) f 5 3(5-4B*) \ _21(66'*-5)» 

4V^A* I 12' 'I 4('66'-*-fi) / ‘ 126 

- (8A'*-7)(2^*(8JB*-7)-7(6C*-6)| ] . ... (20) 
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The various t|ua]iliiieH aic as flofiiiod hy Saxena and Dave (196]) after suitably 
nioclifyiiJ^^ tlieiii to suit lor isotopie mixtures. 

Saxena and Davi* (l!)01a) have also worked out the exjnessions lor the other 
end t)l the eotni)osition, viz., is again given by Eip (15) n^here 





and 


2 I 2M, I . 


r<ff fit ri >t (i "(it' (i >■»" (y 

.j'/' -I ]' 11 ’' 255 ’ -I r 11 ' il' -2-2 


l-‘^ ”2l/'*'l2_ I ” -2(/ 1 

5 / 711, h^/.\- r ^’o-2l.'-L-2 , ”.)-/V ] 

■ 2 \ ■ 271/, / L (y ^ J 


further » 

-- - ( 22 ) 

nji VAl.TfES F()]{ IFYI^llOdEN ISOTOPES 

All the theoretical oLq, values arc calculated according to the modified Exp-Six 
potential foi which, paiaineters aie assigned tiy Mason and Rice (1954). The 
cxjieriinental data of Heath, Ibhs and Wild (1941) giving the composition depen- 
dence of ar|^ for //,- D, system at ,‘11G.4'^'K are recorded in Table I. Eor this 
sy.stem the foriimlae in terms of the i educed mass are preferable to those in terms 
of th(‘ ratio of Hie iiiolei idai masses, and therelori* the latter formulae are not used 
for comjmtatmn. We find thatthe Chapman-Cowling ajipi oximatioH formulae 
have a poor lonvergenci' and the second approximation is about 4% greater. 
Simple K(]. (4) is inadeipiate in as much as it fads to predict the composition 
di'pendencc of ocy, eontraiy to the (experimental evidcmie. The formula given 
by Eq. (3) is quite good and is preferable fin a])proximate Avork both from the 
viewpoint of simplicity and accuracy 

Kihara approximation scheme gives better results and has a better and satis- 
factory (ionvergence. The differoncc between the first and second approxima- 
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lion is small but rclativi*ly increases for mixtuies having either of the component 
in trace. Even foi such mixtures the pioliable error because of the neglect of 
higher approximations is likely to lie much .smaller than the experimental errors. 
The shortcomings of the lurmulae for and are similar to those 

of the corresponding formulae on Chapman-dovling scheme. [0^71 li’”^* formula 
i.s quite adequate for most of the work at this tempcratuTo and has the advantage 
of being much simpler than 

The theoretical values, however, are only in approximate agreement with 
the experimental values. The calculated values are crmsisteiitly lower than the 
experimental values We feel that fhis discrejiancy should be attributed partly 
to th(' experimental errors ami partly to the lack in the aiipropriatcness of the 
potential form chosen for calculatiim. 'fliis madeipiacy of the potential is more 
evident in this woi’k becausi' of the gn^aler sensitivity of the thermal diffusion 
factor to the law of moleculai model. 

Table 11 lists the experimental data of (frew. Johnson anil Neal (1954) 
loi' H 2- yj.2 system as a funct 1011 of temperature At low vr temperatures the classi- 
cally calculated vahuw w'lll bo in error bocau.se of the quantum corrections and we 
will consider them in detail in the next section. At high temperatures vs'^e find 
that the diffei'cnccs liet.ween | and values arc .small. The agree- 

ment betw ecu [a/y,' and the experimental values is rea.sonable, the experimental 
values in thi.s case are systematically lower unlike the previous case, Table 1. The 
dillerence at high tempm'atures is much more than the estimated uncertainties 

III the experimental data, and this gives su])j)oit to the postulate that, the Exp- 

(Six potential is inadequate to piecrscly represent the jiotential energy betwmen 
two hydrogen molecules values are also tabulated in Table II and are 

appreciably different from values. These calculations also confirm the 

view' that formula is adequate for all approximate w^rirk. The error 

involved because of the neglect of higher appr'oximation,s may he in between 
2 to 8% hut lormula is prelerable Irom the view point of computational 

labour 

Home interest centres in the oty values of mixt.ures w ith either of the 

component pr(*.seiit m trace Hindi values of arp are recorded 111 Tables HI and 

IV as a function of temperature. In Talde TI] are recorded the rigorous 

and lajr'Jg”"” values, as wadi as the values obtained from the simpler expressions 
in terms of the reduced mass. The listings indicate that these simpler expressions 
(Eqs. (9) and (18) arc quite adequate from the point of accuracy. Here also 
Kihara approximation results are pieferahle. Jf in the mixtures is in trac.e 
results of Table IV apply and which again suggest preference for Kihai a approxi- 
mation formulae. In Table V are reported the ofy values as a function of tem- 
perature, for HD and HD -D.^ systems with the heavier component in trace 
and calculated according to Kihtara approximation scheme. The second approxi- 
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Illation formula expressed in terms of the reduced mass is used in these calcula- 
tions. 

Foi Jf/g- Tg system with 2\ in trace the calculated values are presented in 
Table VT. Here, the formula in terms of the ratio of molecular masses arc ])je- 
ferable to those expressed in powers of the reduced mass. An examination ol the 
l igoi’ous first and second approximation values of Table VI reveals that the 
convergence for boIJi the approximation schemes is ol the same order but is worse 
than for -11^ mixtures. Kihara approximation is slightly preferable. The 
simpler formula up to the second power is as adeipiate as the rigorous 

iormula and should be used in view ol its simplicity. For Hg- liT system the 
results of system apply as both have identical molecular weights and inter- 

molecular lorccs. For HT- 2\, system with in trace the calculated values of 
Siveii in Table V are according to the formula involving reduced mass- 
For H.,- T„ system with in trace values may be calculated acconling to the 
expressions gn'^en by iSaxeiia and Have (lOfila). As these values are ol little 
piaetii'.al importance no tabulations are presented in this })api*r. 


A V 1' K 0 X 1 M A T K Q U A M T IT M M E d H A N J C A L 
OAhCIJLATtON OK a,j, 


At present it is not possible to perform rigoi-ous cpiantum meidiauieal calcu- 
lations of ay for realistic intcrmolccular potentials though altemiits in this direc- 
tion have started. Choi and Ross (1960). We will, theiefore, adopt an apjiroxi- 
inate procedure suggested by de Boer and Bird (1954) and applied for tlic case of 
He liy Saxena, Relley and Watson (1961). This calculation is valid only for the 
reduced temperature greater than five and is according to a simple inverse tvTlfth 
power potential Following dc Boer and Bird (1954) it can be slioAvn that 


and 


1 

Qu. ^ cl I 


(24) 


qu, cl 


(25) 


Here A* — ^/o'(2//f.)i/-, h is the Vlanck’s constant, e and rr arc the potential para- 
meters and jii — Jf 2 )/^o(^i 1 -^ 2 )’ Ific Avogadro’s number. Tlie 

values of used arc those given by Saxena, Kelley and Watson (1961). We 
Avill use the first approximation Kihara formula for a^ and the following simple 
potential 


(P{r) = (26) 

where </){r) is the potential energy between two molecules at a separ ation distance 
r, h and rr are the potential parameters and for our present work we have taken 
their values as H7.3”ir and 3,337 A I’espectively, following Mason and Rico (1964). 
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TABLE I 

Experimental and ealeulatod values of for tlic Ho-D., system at 316. 4°K. 




Cliajiiiiiin-doivlmg aj>in oximntioii 

.sohiuiio 

K'hiii'ii 

n.l)j)i'fi\irnfi( ion scholui' 

% 1^2 


[a,,]'*" [a^yix^ 
K«J (4) Em (:i) 

Km. (2) 

(1) 

1 



Eri 45) 

MM) 

-- 

0 1(4 

0 ]r)5 

0 147 

0 153 

0 160 

0 163 

0 157 

0 155 

90 

O.uil 

0.1 at 

0 ir>7 

0 149 


0 169 

0 1(4 

0 158 

0 157 

80 

0.1 (Ui 

0.1(4 

0 159 

0 149 

0 156 

0 160 

(i 1(>5 

0 159 

0 157 

70 

0 170 

0 164 

0 161 

0 152 


0 168 

0 167 

0 160 

0 160 

f)0 

0 i7:i 

0 Ifi'l 

0 163 

0 154 

- 

0 169 

0 168 

0 161 

0 161 

.^0 

0 J7:i 

0 1(4 

0 164 

0 156 

0 162 

0 169 

0 169 

0 162 

0 163 

to 

0 i7:i 

0 1(4 

0.166 

0 158 

- 

0 169 

0 170 

0 1(4 

0 165 

SO 

0 I7p 

0 1(4 

0 168 

0 161 


0 169 

0 172 

0 166 

0.167 

20 

0 170 

0 104 

0 170 

0 163 

___ 

0 169 

0 173 

0 167 

0 169 

10 

0 

{\ IH7 

0 164 
0 164 

0 172 
0 174 

0 166 
0 169 

0 169 

0 174 

0 169 
0 169 

0 174 
0 176 

0 169 
0 171 

0 172 

0 174 


TABLE IT 


Ex])eTimental and ealculated values of a^, for an equimolar mixture ol 
as a funutioii ol temperature. 


T 

aif Expl/l* 


[aji']!"*’'®' 


"K 


E.l (2) 


JCq (15) 

29 3 

- -0 0050 

0 0058 

0 0059 

+ 0 ()()()8 

46 5 

0 063 

0 027 

0 028 

0 024 

73 6 

0.102 

0.076 

(1 079 

0 076 

118 7 

0 132 

0 117 

0.122 

0 119 

185 

0 146 

0 143 

0 149 

0 147 

293 

(» 152 

0 155 

0 161 

0 162 

465 

0 1.52 

0 158 

0 164 

0 166 


*Valut"fl ri'fni' t(i a binary mixture oonHiHiing ol 49.7% Dz tnul 51 :i% Hy. 
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TABLE TIT 


Calculated values of a^, for H2-D2 in trace (Xi— > 0 ). 



('luipiiian -t'owluiff approximation 
sflit'ino 

Kiluu-a ii]i]ji‘oxiTnatiori 

scliomo 

T 

“K 

r^ci. (6) 

K.q (7) 

Et| (H) 

Eq. (9) 

[ay'JwJiJ 
Eq. (16‘) 

Eq.(J7) 


rar']-2t»® 
Eq (IS) 

iSf) 

0 Ifjtl 

1) Hi] 

0 IfiO 

O.Hi2 

o.ir,7 

0 161 

0.150 

0 160 

3Hi 

0 i(;<) 

0 174 

0 174 

n J7S 

0 171 

0. 176 

0 175 

0 175 

•mn 

0 171 

0 17(1 

0 177 

0 176 

0 173 

0 177 

0 177 

0 178 

000 

(1 16S 

0 . 1 72 

0 173 

0.173 

0 170 

0 174 

0 174 

0 175 


'I’ABLE TV 

Calculated values (»f a^t tor system with Hg in trace (Xg— > 0). 


(!lui])iiiiin-('o\vlinfr ajiproxunnl ion 


T 


Sclll'IIU' 

I^Ttls’"" 

la^/lP 

<11 ix 


\arp']2VilrX 

"K 

PJci (12) 

l^q (13) 

Eq (It) 

Eq 

(22) 

Eq. (23) 

ICq. (21) 

185 

0 134 

0 111 

0 J30 

0, 

.1 13 

0 . 1 50 

0 140 , 

316 

0 147 

0 155 

0 153 

0 

157 

0 163 

0 155 

465 

(' 140 

0 156 

0 156 

0 

158 

0 165 

0 158 

000 

0. 147 

0 155 

0 154 

0 

156 

0 162 

0 J56 


Kilmra iipjiroxiuiiUion Bciicnu 


TABLE V 

Calculated values ol 1or various systems with the heavier component 
present always in trace (Xi— > 0). 


'J’ 

"K 

Ho HD 

HD-- D, 

HT-Tn 

185 

0 0056 

0 0681 

0 0057 

316 

0 1035 

0.0747 

0 1037 

465 

0 1050 

0 0758 

0.1043 

000 

0 1051 

0 1122 

0 1020 
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TABLE VI 

Calculated values of a^. for Hg-Tg system where Tg is in trace (Xj— > 0). 

Chapman -C-owlni^' approximation JCihura aiiproximation Hclieme 

achoino 


T 



[aTjjWoi 



[ttj-']/'”* 

L«r']2^' 

“K 

Eq (6) 

E.i (10) 

Eq (S) 

Eq (11)| 

Eq, (16) 

Eq (19) 


Eq. (20) 

185 

0.232 

0 238 

0 237 

0 255 

0 2311 

0 240 

0.237 

0.238 

465 

0.255 

0.261 

0 263 

0 284 

0 256 

0.264 

0 264 

0.265 

90(.‘ 

0,251 

0 257 

0 259 

0 278 

0 252 

0 260 

0 259 

0 260 


These calculations are therefore valid for temperatiii es only above 185"K. At 
I85°iv the (quantum mechanhial \oL,J^' value for an equimolar mixture of 
iH about 1.7% greater than the coi responding classical value. If the rigorous 
calculations are performed for a realistic intermolecular potential the correction 
will be probably larger. This view gets support from the tieatment of low tem- 
perature diffusion data, Saxena (1960), and from the work of C'Joheii ei at. (1956). 
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A P P 1'] N D I X 

Phc (Icliiiin^,^ relations for A, which occur in connection with (9) are as 
Ibllows : 

^4 — 22 ^iy>^ 123 

vll = ^ll'^'22 - 

A,, --- Z„i(Z 22 (^02 /■^)(^^12 *^^12 ”■^^^2)3 


04 




’ ” 512 ^ 04 ^ UV 


r32r) 






;ti3 




4 ■ 4 ” ' S 

- 14 +10 J2*V)* +3 , 

A, - Z\,(2//,,~ ;^+2-^'3)-^22'I(^ii72)+^uI -Z\,(4Z\,-^Z\^~2CU), 

6',, - +18 0''.“'* , 

8 2 * 


A, - 


+ 7 Zq^Z 12 Z^yJ^Z 11 , 

A, ^ Z%JZ',, - Z^'), 

■^0 ~ ^ Vl^ 22 ^ 22^ 12> 


^10 = ^ i ' A ^ 12 “ ^ 12)3 

^^11 — ■^ i2(‘^ 12 ^ 12) ~ ~ ■^'11)3 

^ii2 = Z^^A^Z 12 — (3/2 )Z"i 2 ” — ZqA^'ii — (Z"ii/2) — (S\i}. 
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EFFICACY OF THE PARABOLIC INTERPOLATION 
TECHNIQUE IN THE DERIVATION OF 
MOLECULAR CONSTANTS 

N K. TAWDE, N SREKDUAltA MTTHTHY* .and (Miss) SHAiiADA HEGDE 

DLI-AKTMKNT OIP rilYSlCS, K\RNAT\K UnIVKIIHITY, I)jlAJiWAJ{ 

{Riiuuml Novcinhrr 1:L HUH) 

ABSTRACT Tlic iiioIgchIiu cDn.st.Hits (\V„~iVr), timl (J)'y -D%) of 

Hysl. ‘Ill (jl M^O liiivii hncii lotMlc-iiliilifil liviin l.lic (J(J) nU'H.suirUK'iiis (il Ijiigcnjvist and Ulilrr 
iisiiii^ llir jjai uIrjIki inl,t*i|K)lati(itj method ol IjO(fino\ (TJ5i)) in jdneo ol tlu> f^rajiliieal 
inoendui adopii'd hy (D jst and Ullier The c onsUn(.s tlniH leviHcd have lieen teKled 

for pi.usion in i(‘l<ilion to graplueal method and it iHlcmndlhattlievridieettlieexiii'i'i- 
iii 'iital dalii mauv (iini'h, liettei thun the majilueal imdliod 

\ N T Jt () J) IT C T I O X 

ivL'ucnlly Logujov (llinO) has f^iveii a promliiip for evahmting the molct ular 
consitiiits of i\ Ihind syskMii l)y foriTrily processing the data inathuiiiatirally with 
1h(‘ use of least stpiau* t(‘chni(jue ((-hehvshev) He lias jlhistratcd this method 
in file liiso of (1J,2) band of HeO (‘I1->^X) system obtained with a spcetral 
dispersion of 2^-l/iiiin. As the inefliod has given a set of constants with a fair 
amount of accuracy even under sucli madeijnate disjiersion and less number of 
Jiii*asiired lines, we tlioiight it desii able to examine the niethud for better accuracy, 
if any, liy using larger niiirdier ol measureinenls, and those, too, under high dis- 
pel sion. 'Phe bamls chosen are those of > ^IJ) system for which the 

nieasuremimts of rof-ational lines under a dispersion of 1 2 A/mm aie available 
from the Avork ol J^agcncivisl. and Uhler (19+9) and for uhich molecular constants 
have been evaluated by them using the, usual graphical method. 

V U 0 (1 X I) V R 1C 

Th(* folloAving is the expression for the vave nunibeis of the rotational lines 
of a Q branch . 

V = Q{J) - I- 1) (1) 

Avhere = zero line of a band, B\„ I)\ and L)'\ ai-e the I'otational constants 
of the upper and lower states respectively. Loginov lias evaluated and 

[B\ -Ly\) accoidiiig to the lea.st square technique of the oi thogonal Chebyshev 
functions by solving the normal equations cniploynig Doolittle sclieme,. The 
values of powei s and sums of powers of /(./+- 1) arc given by Loginov up to J — 50 

*0 1 ImiVA of alumii'n fVom l,l)“ (f_uil,r(i1 (Jollogo, Bangalore 
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TABLE IT 



Biinfl 0,0 



Band 0,2 


J 

(O'C) 

PuraOdlic 

])rofipnt 

siiidv 

(O-iq 

(Jranlupal 

J. &. U 

J 

ro-c) 

J’ai aOolic 
pi PHonl. 

Hhiily 

( 0 -r) 

Graiihipal 

L & U 

71 

—0 0.3 

0 71 

03 

0 02 

0.57 

7.7 

^0 0.7 

0 72 

04 

0 0.3 

0 50 

7(5 

0 00 

0 70 

0.5 

0 01 

0 57 

77 

—0 0.3 

0 7-1 

00 

—0 OJ 

0 53 

7 S 

0 0.7 

0 HI 

07 

-0 02 

0 .55 

7 !) 

0 05 

0 SO 

OH 

0 01 

0 59 

HO 

0 03 

0 7 H 

00 

0 00 

0.58 

HI 

0 . 05 

O.HO 

70 

0 0.7 

0 . 03 

H 2 

—0 01 

0 7.3 

71 

0 02 

0 (10 

k;i 

—0 03 

0 70 

72 

0 00 

0 58 




7.3 

--0 04 

0 53 




74 

~d) 07 

0 51 




75 

0 02 

0 50 




70 

0 10 

0 67 




77 

—0 07 

0.40 


Ia & U — ]jagriq\MHl & UhltM 

tmly. Ah aome of tjic bfinds have rotational lines as liigli as J ~ 97, we have 
extended these cojnpntations to J — 100 The Q{J) ineasui’einents of Lagerqnist 
and IJldei have been adojited, but in making use of them, their asterisked values 
have not been takiMi into a(;eount, because of iincertainty ni the aecnratiy of their 
nieasnrements as a lesult ol overlapping. 

li E S U L T S 

The molecular corrstants evaluated correct to the third aiiproximation for the 
5 bands of MgO (red system) Ibi* which Q{J) lueasiiremenls ari^ available are shown 
in Table I. Along with these, the results of Lagerquist and Uhler by graphical 
method arc also given lor comparison 

DISCUSSION 

The parabolic procedure is adopted only lor a Q branch, and only {B\ — B*'„) 
ihm\{D'y~D" ,j) are obtained, whereas lor obtaining B''y and indivi- 

dually, one has to analyse P and R branches by the method of combination 
differences. The least square technique given by Loginov, as adoj^ted here, is 
found simple and convenient for estimating their aijcuracy by the method 
of (lauss. Further, as can be seen from Table I, an accuracy of a much better 
order in molecular constants is obtainable here, by the application of the 
parabolic method than by the graphical method. The correctness of the rota- 
tional constants is determined by finding out the values of v from the expres- 
sion (1) for both sots of c-onstants in Table I. Such a comparison in the case 
of (0, 0) and (0,2) bands for high J values is given in Table II, and compared 
with the measured values of ^(-7). To make the two methods comparable, 
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the value of is (aleulaterl fioiii l-lie knowledge ol the average value 

I j and {IJ\ IV'a) given liy Lagerqvist and Uhlei As a resu of 

/\-type douhling, the Q hraneh involves the use of and this value is 

used for the caleidatjon ot (0— (1) (differenec between the observed and caleu- 
lated values) in the (.ase of graphical method. It is quite evident from a 
eompaTiHoii of (0 G) under parabolic and grapliical methods that the calculatcfl 
values given by the former method agiee very closely with the measured values, 
whereas m the rase oJ giaphioal method, the eah^ulated values differ a])preeiably 
and this is niiieh more so at high J values where the deviation ri'aehes as much as 
O.Sl cm ^ In the ease of least sijuare technique, it does not exceed 0 ] ciu"^ 
i e. l/Sth the measure obtained from the gra])hieal method The same is also 
verified to be true in the ease of othcT bands too, of this system. 'Inhere is a consi- 
derable rliffercnee in the values of 7)"^) obtainetl fiom the parabolic proce- 

dure and the grajihieal method. J’his is partly resjionsibU* for the eomiiaratively 
large diffei'cnce (0 — G), arising from the graphical method, ])articiihirly at the high 
J values, wher(‘ the teiin involving {D\—iy\) becomes more important. It may 
safely be eoiududed from this observation that the constants evaluated here by 
the parabolic method rellecl ih(‘ (‘xperimental data with much greater’ precision 
than thos(‘ obtaiiKsl by Lageripud and Uhler using the graphical method T^hiis 
there should be as much stress laid on flie malhematical jirocessing of the 
observational data, as is on ihe precision m measurement. 

Because of iJie presence usually of small sy.stematui perturbations, eifhei' 
m the iippi'T or lowei oi in both the states, it is generally preferable to use the; 
method of combination (lilTeremies (either through grajihical or h^ast square 
evaluation). However, in the present MgO (led) system under study, Lagerqvist 
and Uhler have not noticexl any jierturbatioiis in the two states of it, and if at 
all present, they may be too small to be detected in the vibi ational levels of S* 
iiive.stigated. This offers a justification for the use of jiai’abolic method to give 
better accuracy of molecular constants in .such (*ase.s. 
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A NOTE ON THE CALCULATION OF THE DENSITY 
OF STATES 

T. (1 HOV 

PnYSJCR UM'MITMI'INT, 

-Tahavi'uii UmvKHSTTv, CM.f'iTTTA, Jndia 
[JU'.rcii'cd Odohct 4, HKil) 

ABSTRACT. An aniilysis Inul Ixmmi iniidc ]u*rr nb<>ul I In* inimlu'i' ol sifiH’y jinr nnii 
(Ui'iifry Mit.crviil 111 lln' fiiiul Htalo Tln* (‘itlcii 111 I loTi lias lif'i'ii inaclc III tin* ftiRi'H wh(Mi> llir-i’i> 
IS nn oxl.'i'mil fii'ld niiil \vlii*n Ili-'i-f* is an <*xt.('niiil fii'ld iTidi'jx'iidpiil ol Iniic. 

T]io ( alfiiliLlioii of iiuit-nx eliMiient lor Hi-attei'nig cross seciioji vitli the help 
of iS'-niatrix loriualisni ]ia.s iKnv a clay.s Ixm'h greatly fcicilitatcd by tlio use of 
Feynniao graplis aiitl by using the renorniabsation tceliuii|ueH, As a resull the 
remaining job i e , set of I’uhss foi ealeulating the density of slates seems to be oi 
woi*th consideration 

Let us .sujipose tliat ^^e have a nuinbei of incoming particles which after 
collision (I) freely or (;3) in a time independent external field get scatteivd with 
Ol vM'thout change of the total ninnbei of particles. Let the total nunibor of 
particles be ii in the final state. Then the geneial results ol (jnantum field theory 
state that in case (1) botJi the total iiiomentum and total energy will be conseived 
and 111 case (2) simply tin' total energy will be conserved, 'fins leally means that 
out of the IT/i comjionents of moments of the n jiai tides, ni ca.se (1) there will be 
4 relations among them and in ca.se (2) there will be only one. TIuls the number 
of flegrees of freedom will be either ( I ) [in -4 or it will be (2) Hi/ - 1 . iSince noiv we 
are to (;alculate the number ol .states inside the energy .shell of thickness unity 
we do not let the final energy be eon.stant but rather iisi' it as a parameter. 
Thii.s we have now either (1) H(/t. 1)ot(2) H// degree*s of freedom, that is, we 

might use the momenta e.o-oidinates of all the (!)(// — 1) pai tides oi (2) /t 
particles for our description. 

Let now the unimportant co-ordinate .space volume be unity, which really 
goes out in cross section calculation, then using polar co-ordinates in momentum 
space we have an element ol volume in phase .sjiae.e as, so that the number 

of states in dEf is, 

( I \ 

“ l27rhc,yA{n-l) ~ 

on (f'Pndi h 

■ {27rfi-c)2v 
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Eul in)v\^ wo linvo ^ot to oliooso having the physioal pheiioinenon in nund 
any (I) Ihj— 4 or (2) - I oo-ordinatoy say, (I) «!, ttg, ... or 2) ... oL^n-i 

and tho last oo-ordinaio should always be (\Kf. 

The (jxpTosei(m then of py will be, 


PjdEj -- pdcLy ... r/a,,,, 


Pn-^dp^^. ... 


(2) fijdEj - pdoL^ . . . doL,^n \dEf 


py ... pn^d p^ ... dpi, dill ... 


Therefore, 

ni /* ” Pi" Pn—l" d.(pj.. 

' ' ' " (277-7Kf(-i) d{ai...a,,_,/Kf) 

(2) p m: 

(2;r^r)3» r/(a^ . ’i:y) 

Tho niothod will bo illustrated by giving two classic examples. For case 
(1) let us consider the case of Com pt.ou scattering. Here — 2 and we may 
take the Sr? — 4 -- 2 a.s as ri!i7 of tho photon moniontnin. thus, 

_ d{h^ lf_ I d^ \ 

^ ~ (27rhf d{Ep O) {27Tfjcf \ dEf I n 

Hence the density per luiiti energy interval is, 

^ _ kHil I dk \ 

^'^^'"{27Tnc)A dEf la 

As an example ol ease (2) \^e consider the ease of Brcin-strahlung Here also, 
}i 2 and wt* may take tho .‘b? — I --- o as as dhdiidi\ ; thus 

p ^ J^F a^_ajc) 

{Ziriicf d{]Cf, A-,0, Qy.) 

_ pVc^ j dp \ 

~~ {27t^Y‘ \ dEf I Q, k 

^ pEk^ 

{2nncY 


Honce the densitv per unit energy interval is, 
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ON DETECTION OF GROUP INVARIANCE OR TOTAL 
SYMMETRY OF A BOOLEAN FUNCTION 

A, K, CHOUBHURY anj) M. S. RASIT 

Tnstitcte of ]iAU]u Physics vnu EjnccTuoNics, 

(Uu’UTTA ITniVUHSITY 
{ fieptcnbhe) 4, lOGl) 

ABSTRACT. A systoniatK! ]»i occcJiiit* of findui^i out. thr^ invnruiriL'C' or total 

syiJimotry ol a Hwitdiing function is jircsmtcd in this jiajior Py uiicrprc! mg the lernis ot 
any a-vanublo iimel.ion as vciIhc's of an a.'diinenMonal unit cube, the relative distances e»f 
each t M'in with j'eH]).*et to the other tei'iiis e>f the function are coni])utefl The Knowledgo 
of tiles ‘ distances emibh's one (o locati* the temiH among which rn-ordcring aviII lie jiossihle 
iiudf'i’ iierinutution or ]u‘innng n|jr*iMtions winch will keeji the* tiansinihsioh matrix unalltMcd 

J N R 0 D TJ (! 1 O N 

As a rule a Boolean I'linetioti is alteied if some ol the variables arc permuted 
or primed, Tliere are how ever certain functions Avhieli, tor some permutations 
or priming operations, leniain unaltered That is, the same terms are again 
obtained after tlie perimitatum oi jniming ojieiations are tlone and the trans- 
mission remams unclianged. This is exjiressed by saying that the function has 
group invariance for those particular operations. Tfiere is yet another class of 
functions which remains unaltered for all possilile permutation of the variables. 
Su(di fnnetions are said to exhibit total symmetry. Dil'terent authors ((Jaldwell, 
1954; Mc(-hisk(‘y, 1 95(1) have suggested methods of finding the group invariance 
and total symmetry of sw itching functions In this paper a method is presented 
for lindmg out the group invariance or total symmelry by utilising the 
geometrical concept of tlie function. 

BASIC PBINCIPLK ir N D B R L Y I N C TUB METHOD 

The total niimher of permutalions and priming operations that can be applied 
to an ^-variable Boolean function is a *2”. Under some of these operations the 
function may remain iinalt-eTed. When the function remains unaltered, the only 
(;hangc that can take jilace lu the tran.sniission matrix ol the function under these 
permutations and priming operations is that- some of the rows may interchange 
places. In the Table T(a) is given the transiiussion matrix of a Boolean function 
T == S(0, 1, 2, 7, 11, jy) 

111 Table 1(b) is shown the effect of pennutatioii of variables Xy and X^. It will 
be seen that due to this operation transmission matrix has remained unclianged 
ivith re-ordering betw'cen row^s 7 and 11. 
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TABLK 1 

(a) (b) 



A'l 

A, 

A. 

A, 


A":j 

A4 

X :> 

X , 

(1 

0 

(1 

0 

0 

0 

U 

0 

u 

0 

I 

u 

u 

u 

1 

I 

U 

0 

0 

1 

2 

0 

(1 

1 

(I 

2 

u 

0 

1 

0 

7 

0 

1 

1 

1 

11 

1 

0 

1 

1 

11 

1 

(1 

1 

1 

7 

0 

1 

1 

1 

l.‘l 

1 

I 

0 

1 

13 

1 

1 

u 

1 


rf two tKjliiiiiii.s of a liiiTisjuission matrix are idciilical tJien it js olivious that 
tliosi! two coliuiuiH can lie intcrcJiangcd witliout changing the transmission matrix 
ill any wav. In Talilc J1 (a) is given the* transmission matrix of a Boolean func- 
tion T - 1, 2, 12, Kh 14). 


TABLB 11 

(X) (b) 



A, 

A, 

A. 

Aj 


•V;i 

Av 

-V. 

Aj 

0 

u 

(1 

u 

0 

0 

0 

u 

0 

0 

1 

0 

u 

0 

1 

1 

0 

(I 

0 

,1 

2 

0 

0 

! 

0 

2 

1) 

0 

1 

0 

3 

(1 

(1 

i 

1 

H 

u 

0 

1 

1 

12 

1 

1 

0 

0 

12 

I 

1 

0 

0 

1:1 

1 

1 

u 

1 

1:1 

1 

1 

(J 

1 

14 

' 

1 

1 

0 

1 1 

1 

1 

' 

0 


In Table 11(1)) is shown the effect of jieriuutation of variables A'3 and X^. It will 
bo seem that due to these operations tin*, transmission matrix has remained un- 
altered without, any re-ordering bet, ween the rows. 

Any term of a giv(*n /i-variablc Boolean function may be rejn'esented as a 
vertex ui an )i.-flimensional unit culie Kach term of the given function is related 
to other t.ernis tiy certain changes of variables. (Tooiuetrically this moans that 
the vertex is separated by certain (.listaniios from other vertices corresponding to 
the given lunction. For any given term of the function, if we cabuilate the number 
of terms related to it by one change of variable, by two changes of variables etc,, 
and arrange these numbers one aJt-er another we get an array of numbers whicih we 
(sail the distance vector of the term, Berinutatioii and priming of the variables 
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are equivalent to re-numbering the vertices of the »i-dimensional unit cube. Jt 
follows, therefore, that if due to any permutation and priming operation the func- 
tion is to remain unchaged with re-ordering among certain rows, then this re- 
ordering (jan only take place between rows which aic identically related regard- 
ing mutual separation between the different vertices, i e., amongst rows having 
identical distance vectors. 

In the Table IH is given the function of Table 1(a) with the distance vector 
of the individual terms. 


^ ^ 

C 0 u 

1 0 0 

2 0 0 

7 0 1 

11 1 0 

\'i ] 1 


TABLE III 


X‘i Xi ti)i 

U 0 2 

0 1 1 

1 0 1 

] 1 0 

1 1 0 

0 1 0 


0 :i 0 

4 0 0 

3 0 1 

4 1 0 

4 1 0 

3 1 1 


'iCj, j/' 2 , ... etc. denot(i weight of order 1, weight of order 2 etc. for any particular 
term. By Aveight of order K of any term is meant the total number of terms in 
the fimction u'lu(;h differ by K changes of variables from the term in question. 

It will be seen from the Table III that only terms 7 and 11 have identical 
distance vectors. Hence re-ordermg can take place lictwceii 7 and 11. By 
computing the distance vector of each term of a given function we can at once 
find the xiossible re-ordcrmg among the rows of the transmission matrix if the 
function has to remain invariant under permutation and priming operations. 
Once have thus spotted rows which can be re-ordered amongst themselves, 
it is an easy matter to find out the specific operations which will convert one into 
the other. Considering the effect of those operations on the other rows of the 
transmission matrix Ave can determine the group invarianfie of the function. 

ILLUSTRATION OK THK METHOD AS APPLJKJ) TO 
D I K R E N T TYPES OK K U N 0 T I 0 N S 

While searching for group invariance we may come across the lolloAving 
different types of functions ; 

(I) The fun(jtion may be such that none of the distance vectors of the terms 
arc identioaf i.e.. no re-ordering bcWeeii the roAvs is possible but some of the 
columns of the transmission matrix may be identical and it is possible to inter- 
change those columns Avithout altering the transimssion. It is extremely easy 
to find out such group invariances. In the Table IV is gh’^en the transmission 
mati’ix Avith the distance vectors of each term of a function T — 2(0, 1. fi, 16). 

5 
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TABLE IV 

T = 2(0, 1, 6, 16) 

Xi Xa Xo Xt <ni toa Wg 

(» 0 y 0 0 1 1 U 1 

1 0 0 0 1 1 0 2 0 

0 0 110 0 2 1 0 
15 I I I 1 0 111 

It Will be seen that no two rows have identical distance vector. Hence no 
rc-ordojing between rows is possible. But columns and Xg are identical. 
Hence and X,^ can be pcrmutated amongst themselves without affecting the 
transmission. 

(II) The function may be such that it has a row consisting of only O’s or 
only 1 ’s and that the distance vector of that particular row is different from 
the distance vi'ctois of all other rows. Hence it is obvious that any priming 
operation will alter the function, in detecting group invarianc-e of such a func- 
tion only permutation operations have to be considered. 

In the Table V is given the transmission matrix with distance vectors of 
each term of a function T = S(0, 1, 6, 10, 12). 

TABLE V 


I) 

1 

6 

10 

12 


X4 

0 

0 

0 

1 

1 


Xg 

(I 

0 

1 

0 

1 


Xn 

0 

0 

1 


Xi 

0 

1 

0 

0 

0 


Ui 


1 3 
1 0 
0 3 
U .3 
0 3 


It ivill be seen that fii'st roiv has entry 0 at all columns positions and distance 
vector of this term is distinct from all other terms. Hence all priming operations 
will alter the function. It will be seen that terms 6, 10, 12 have identical distance 
vectors. Hence re-ordering between 6, 10, 12 is possible. Any permutation 
of variables X^, Xg, Xg will keep the function invariant. 

(HI) The function may he such that it may have group invariance under 
both priming and permutation operations. 
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In the Tabic VI is given the transmission matrix with distance vector of each 
terms of a function T — S(0, 3, 6, 9, 14). 

TABLE VI 


^4 




Xt 


Ul (1)2 (•),1 0)4 


0 0 

3 0 

5 0 

9 1 

14 1 


0 

0 

0 

0 

0 


3 

3 

0 


1 0 
1 0 
1 0 
1 0 
4 0 


It will be scon from the table that distance vector of the last term is different 
from all other terms and remaining terms (0 3, 5, 9) can be re-ordered amongst 
themselves. 

The column positions X^, X 2 are identical in the last term Therefore 
X 4 , A;,, X 2 can be permutated amongst themselves without altering the last term. 
We find that these permutations effect the re-ordermg between (3, 5, 9). In order 
to make re-ortlenng of terms 3, 6 or 9 with the term 0 possible, certain priming 
operations will lie necessary. 8ince the last term cannot be changed, it will require 
two priming operations and X^ must be one of them. Hem^c the only priming 
operations possible are X^ and X„, Xi and A3, and and A^ and after priming, 
the columns must be permutated to keep the transmission unchanged. It will 
be observed that certain priming operation becomes necessary for re-ordering 
between 0 and other terms 3, 5, 9 because the number of Ts m the row (0) is 
different from number of l\s present in the other rows (3,5, 9). In situations 
where the rows among which re-ordering is possible (as indicated by their having 
identicsal distance vectors) are found to contain different number of 1 ’s, then certain 
priming oxierations will be necessary to effect the re-ordermgs. 

(TV) The function may be such that re-ordering betv'een groups of terms 
is possible. Indication about this possibility is obtained if a certain system 
is followed in arranging the transmission matrix. The weights of the order one 
of all the terms of the function is found out and the terms are then arranged in 
order of non-ascending weights. Horizontal lines ai'e drawn to subdivide the 
function into groujis of terms having identical values of wj. The groups are again 
subdivided into subgroups on the basis of interconnection of the terms to form 
1 -colls. This is illustrated in the Table VII which gives the transmission matrix 
with the distance vectors of each term of the function T = S(0, 1 , 2, 13, 14, 16). 
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TABLE VII 


^4 


X; Xx 


U2 Us U4 


0 

15 

1 

2 

1:1 

14 


It Mall bci observed that 0 and 15 have same value of and they arc placed 
ill the same ^^rouj). Similarly, 1, 2, 13, 14 fornr another group. Terms I and 2 
both differ by one change of variable from the term 0 and similarly, terms 13 and 
14 })oth differ by one change of variable from the term 15 Hence the dotted 
line is drawn to subdivide the grouj) into tivo subgroups. Observation of the 
distance vecstors wall reveal that re-ordering betv^een (0 and 15) and (1, 2, 13 and 
14) aie possible Since the relationship of the terms 1 and 2 with the term 0 is 
same as that of the terms 13 and 14 vdth the term 15, the group of terms 1 and 2 
will bo I’e-ordered with the group formed by 13 and 14 when 0 is re-ordorcd with 
15. 


SYSTEMATIC PE OCKHU HE FOR J3ETEEMJNAT10N 
OF OHO VP INVARIANCE 


Step T, 

In first step we find out the weight of order one of each term i.e., the number 
of terms Avith which it is related by one change var iable. Ihen arrange the terms 
in non-ascending weight, and write down binary equivalents of each decimal 
number. Against each Icrm we M'^rite the distanc.e vector of the term. Hori- 
zontal lines are drawn to subdivide the terms into groups having identical WTights 
of order one. 

Step 11. 

Next in the transmission matrix we search for identical columns. ' Permu- 
tation of identical columns obviously keeps the transmission matrix invariant. 
Hence the function has those group invariances. 

Step 111 

(i) We look in the distance vectors of the terms. If there is a row having 
1 or 0 at all positions and it has a distinct distance vector, the transmission will 
change under any priming operation, 




37 


On Detection of Group Invariance or Totals etc. 

(ii) If there are no two rows having identical distance vectors, the function 
will alter under any permutation and priming operation, excepting those obtained 
in the Siep II. 

(iii) Generally the function will be found to be composed of a number of 
groups of terms such that the distance vectors of the members of each group 
are identical. Wo choose the smallest or one of the smallest of these groups. 
If it (ionsists of only one term, we make a list of all the permutation and priming 
operations which will keep that particular term unaltered. By observing the 
effect of those operations on the other terras of the function, the group invariances 
are found out. If the smallest group chosen is composed of two terms, then 
all the operations are listed whi(;h will effect re-ordering between those two terms 
and also those Avhich keep the terms unaltered. The rest of the procedure is same 
as stated m the previous case. By some easy inspections (e.g., counting the 
number of O’s and I ’s in each column of the transmission matrix) we can distsard 
some of the operations listed and thereby reduce the labour involved in ob- 
serving tlie effect of the listed operations on the other terms for finding out group 
invariances. If the smallest group (hoscii consists of more than two terms, we 
make a list of the operations which will keep the first term unaltered and at the 
same time rc-ordcr the other terms of the group and also of the opei’ations which 
Avill effect the re-ordoriiigs between the first terra and each of the other terms of 
the group Then we proceed as stated previously. The total number of group 
invariances present cannot exceed the total number of re-orderings that can bo 
effected. n''he systematic procedure as stated above is illustrated by the example 
below ‘ 

Eocaniple. 

Detect the group invariances of the function 

T -= i:(4, 5, 7, 8, 9, 11, 30, 33, 49) 

We first follow the procedure stated in Step 1. The transmission matrix along 
with the distance vectors is given below in Table VIII. 

Step 2. 

In the transmission matrix there are no tivo identical columns. 

Ste2i 3. 

Wo observe that the distance vectors of the terms 5 and 9 are identical and 
the distance vectors of terms (4, 7, 8, 11) are identical. The group (4, 7, 8, 11) 
can be divided into two subgroups (4, 7) and (8, Jl). Hence re-ordering between 
(Sand 9), (4 and 7), and (8 and 11) and between groups (4, 7) and (8, 11) are 
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TABLE VITI 



Ao 

Ar, 

X 4 

As 

As 

Ai 

Ml 

«a 

«3 

«4 

Wr, 

(Oo 

5 

0 

0 

0 

1 

0 

1 

2 

2 

3 

1 

0 

0 

0 

0 

0 

1 

0 

0 

1 

2 

2 

3 

1 

0 

0 

4 

0 

0 

0 

1 

0 

0 

1 

2 

3 

2 

0 

0 

7 

0 

(» 

0 

1 

1 

1 

1 

2 

3 

2 

0 

0 

8 

0 

0 

1 

0 

0 

0 

1 

2 

3 

2 

0 

0 

11 

0 

0 

1 

0 

1 

1 

1 

2 

3 

2 

0 

0 








. — . — , 






33 

1 

0 

0 

0 

0 

1 

1 

2 

4 

0 

0 

1 

4!J 

1 

1 

0 

0 

0 

1 

1 

0 

2 

4 

J 

0 

30 

0 

1 

1 

1 

1 

0 

0 

0 


1 

1 

1 



?T 

- 

j 










Wp chooise the term 30 as our smallest group sinee it has got a distinct distance 
vector. The following operations are listed which will keep the term unaltered ; 

(a) All permutations between the variables X^, X4, ^5, 

(b) Permutation between variables X^ and Aq. 

(c!) Priming of and any one ot X,^, A3, A4, Aj and subsequent permuta- 
tion. 

(d) Priming of A„ and any one of A^, A3, A4, A5 and subsequent per- 
mutation. • 

(e) Priming of Aj and A^ and any two from the other variables and subse- 
quent permutation. 

By inspecting all the columns of the matrix we discard the following opera- 
tions 

(a) Permutation of A^ with any one of A3, A4, Ag. 

(b) Permutation of Ag with any one of Ag, A3, A4. 

(e) l^ermiitation between A„ and X„. 

(d) Priming ot A, and any one of A3, A4, Ag and subsequent permutation, 

(c) Priming of A^. 

Hence the only operations permitted are; 

[A) Permutation of variables A, and A4. 

(B) Priming of A, and Ag and then permuting. These are the only group 
invariances. 

Incidentally it may be noted that the operation {A) re-orders the terms 6 
and 9 and the group (4, 7) with (8, 11). The operation (B) brings about the re- 
ordering between 4 and 7 and between 8 and 11. Hence these are the only group 
invariances present in the function, It may be noted that in cases where none of 
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the groups contain more than two terms as in the present example, the procedure 
for finding group invariances can be simplified very much. In sucli ’cases much 
labour is saved if we find out only those operations which effecd the le-ordcrings 
suggested by the distance vectors. 

DETECtiON OE KYMMETHFC E IT N (' T L 0 N S 

The method given for detection of group invariance can very easily be applied 
for detection of total symmetry of a function by utilising certain properties of 
symmetric functions. The required properties arc 

(i) If an variable function is totally symmetriii with u-niimber of the func- 
tion equal to Uj, then total number of true states in the function must be eijual to 

where «j is any number between 0 and n, inclusive. Mince the function is 
invariant under all permutation operation, any re-ordering between rows of the 
function must be possible. Total number of I’s in each of the rows of the function 
must be equal to Uy The dimension of the body of any ^-variable symmetric 
function is n, except in the trivial case when the function is composed of a single 
term. In other words, in a syminetrie function there cannot be any (solumn 

containing only I’s or only O’s. 

(ii) The sum of two symmetric functions is a symmetric function. The 

tt-nurnber of tlic sum of K symmetric functions will liave K different values. The 
total number of true states of the funidion will he -| ... 

... ; where “jijj, “ja, are the ft-numbers of the component func- 

tions. Since the function is invariant under all permutation operation, it must 

be possible to find out groups consisting of , , terms. 

In the group having terms, the number of 1 ’s in each row must be aji-. 

All ro-orderings betw een tfie terms of any one group amongst themselves will be 
possible. 

(hi) Besides the above properties of a symmetric function, we will take 
cognisance of one jiroporty of the distance vectors of the terms of the functions. 
Due to any permutation and priming of the variables of the function, terms of the 
function may alter but the distance vector of the changed terms will be identical 
to the corresponding terms of the original function. Tn other words, the distance 
vector of a tei m remains invariant under all permutation or priming operations. 

A • ix A- (Number of rows containing odd number of I’s) , 

Again the ratio — --- - 7 ^ . ^ , : remains unaltered 

(Number of rows containing even number of 1 s) 

for even number of priming operations and become inverted for odil number of 
priming operations. 

M E T H O ]3 E O K D E T C T 1 () N OF S Y M M E T E, T ( ! 

FUNCTIONS 

(i) Procedure stated in Step I for detection of group invariance is followed. 
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(xi) Total number of terms in each group that can be re-ordered amongst 
themselves is found out. If the number of terms in the groups satisfy the condi- 
tion for total symmetry as stated previously, then we count total numhei of 
I’s in the I'ows of (jach group. If they arc all equal to the number then wo know 
that the function is totaly symmetric. If the number of I ’s m the rows of each 
group differ then we try suitable priming operation which will make the number 
of I’s in the rows of the groups identical with the corresponding a-number. The 
method is illustrated by an examiile. 

To determine what symmetric function, if any, is represented by 
T S(0, 5, 6, 9, 10, 15, 19, 20, 24, 29, liO) 

The transmission matrix and the distance vectoi of eadi terms is given in 
the table below; 

TABLE IX 



Ab 

X 4 

A, 

As 

Xi 


6,-1 

10,1 

Ur, 

0 

0 

0 

0 

0 

0 

0 a 

1 

3 

0 

n 

0 

0 

1 

0 

1 

0 6 

1 

3 

0 

(1 

0 

(» 

1 

1 

0 

0 (1 

1 

3 

0 

!) 

0 

1 

0 

0 

1 

0 (> 

1 

3 

0 

10 

0 

1 

0 

1 

(» 

0 6 

1 

3 

0 

l.T 

0 

1 

1 

1 


0 0 

1 

3 

0 

19 

1 

0 

0 

1 

1 

0 0 

10 

(» 

0 

20 

1 

0 

1 

0 

0 

0 0 

1 

3 

0 

24 

1 

J 

0 

0 

0 

0 (i 

1 

3 

0 

29 

1 

J 

1 

0 

1 

0 « 

1 

3 

0 

30 

1 

1 

1 

1 

0 

0 0 

1 

3 

0 


By looking into distance vectors we observe that the function can be divided 
into two groups. In one group there is only one term and the other group has 
10 terms. The total number of terms is sum of 

or The ratio of rows (;ontaining odd number of I’s to rows contain- 

ing even number of I’s is 1/10. Therefore, the possible Urnumbers of the function 
are (0, 3), or (2, 5). We first find out what is the priming operation that must 
be applied on the roAv which singly forms a group to make the number of one’s 
ill that row equal to zero. This can be done by priming the variables Xg 
and Xg and this makes the number of one’s in all rows of the other group equal 
to 3. Hence the function can be AiTitten as *SfQ, 3 (X 6 'X 4 X 3 Xg'Xi'). Alterna- 
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tively, if we prime the variables and we find that the term in the group 
with single^ term has 1 in all positions and the other group has two in i all rows. 
Hence the function can be written as 

A SPECIAL CASE 

The given function may be such that it can be expressed as a sum of two sym- 
metric functions which belong to the same equivalence class and one is derived 
from the other by priming all the variables, The distance vectors of all the terms 
of such a function will be identical. That the function can be split up into two 
functions for detection of total symmetry will thus not be quite apparent. But 
an indication to this will be obtained hy observing that the weight of the order 
n for all the terms will be same, i.o., 1. The procedure for collecting the terms of 
the function into two distinct groups will be as follows. We take any one term 
and place it in one group and the term which is related by n changes of variables 
with this will be placed in the other group. In this way half of the total number 
of terms will come in one group and the other half in the other group. We should, 
however, keep in mind that the dimension of the body of each of the two newly 
formed fuiKjtions must be n. Also in each group, all the rows will contain either 
odd number of Ts or even number of I's. The following table gives the trans- 
mission matrix and the distance vectors of each term of the function 


T = S(0, 3, 5, 6, 9, 10, 12, 16) 
TABLE X 




A's 

ATa 

Xi 

Wi 

W2 

W;, 

W4 

0 

0 

0 

0 

0 

0 

6 

0 

- , 

3 

0 

0 

1 

1 

0 

a 

0 

1 

6 

0 

] 

0 

1 

0 

6 

0 

1 

0 

0 

] 

1 

0 

0 

6 

0 

] 

9 

1 

0 

0 

1 

0 

6 

0 

1 ' 

10 

1 

0 

1 

0 

0 

6 

0 

1 

12 

J 

1 

0 

0 

0 

6 

0 

1 

15 

1 

1 

1 

1 

0 

6 

0 

1 


There is one term ^vith only O’s and one term with only I’s The other six terms 
have two Ts in each row. As = 6, Ave can write the number of terms as 
s-rid obviously the function is a symmetric function with a-nunibers 
0, 2, and 4, i.e., the function can be written as iS(„ 2 , 4 (X 4 X 3 X 2 Xi). Again, 
we can split up the function into two groups as follows according to the 
procedure already suggested because we find that the value of is 1 for all the 
terms. 

6 
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TABLE XL 



X4 

ATa 

X2 

Xi 

0 

0 

0 

0 

u 

3 

0 

0 

1 

1 

5 

0 

1 

0 

1 

9 

• 

0 

u 

1 

15 

1 

1 

1 

1 

12 

1 

1 

0 

0 

10 

1 

0 

1 

0 

0 

0 



1 

0 


If wo prime the variable X^, the terms of one group contain one 1 in each row 
and the loims of the otlicr group contain three 1 \s in each row. As — 4 and 
= 4, obviously the function is totally symmetric and can be written as 

CONCLUSION 

A method for detection of group invariance and total symmetry of a function 
utilising gcoinetric.al properties of an w variable Boolean function has been pi esented. 
By the application of the method group invariance and total symmetry of any 
function can be very easily detected. 
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LATTICE EXPANSION AND DEBYE TEMPERATURE 
OF a-PHASE AgCd ALLOYS 
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[Received Niveniber 14, 1961) 

abstract. The lattice paramotera of three a-phaao silver caflniiiini alloys with 24.3, 
29..3and 33,8 atomic per cent oadmuiin havo been measur'd upto 600^0 by taking X-ray 
powder diffraction photographs in the high temperature camera The linear thermal expan- 
sion coelflcienl) has been calculated for all the alloys and the rcsiiltH compared with G-runciseii s 
theory by drawing the “Gruneison plots”. For the alloys the Debye characteristic 
temp ora (live, 0, was obtained from the luoasuroment of the temperature variation of intensity 
of thf‘ high angle difforaction lines For the above three alloys ^ = 183‘’K 183“K, and 
wore obtained 


I N T E O D U C T I 0 N 

The normal thermal expansion of solids due to anharmonicity of interatomic 
forcevS and the calculation of thermal expansion is often based on a simple pheno- 
menological parameter, y, known as ‘Gruneisen^s constant’ as an average measure 
of the anharmonicity. The Gruneisen theory of thermal expansion (Gruneiseii, 
1912, 1926) is based on the simple Debye model of monatomic solid and implies 

ixV 

a simple relation between the value of the constant, y, (defined by y =-- , where 

a is the cocflBcicnt of volume expansion, 0^, and V are the specific heat and 
volume and K the compressibility of the .solid) and the sum of the exponents in 
the attractive and repulsive terms of the interatomic potential for central forces 
between atoms of Mie-Lennard- Jones type. Gruneisen theory was shown to 
represent the correct type of expansion, at least, at temperatures above the 
characteristic temperature 0, by a number of workers (Gruneisen, 1912, 1926, 
Nix MacNair, 1941; Hume-Rothery, 1946). However, the valuable low tem- 
perature work of Bijl and Pullan (1954, 1956), Rubin et ol. (1954) and Figgins. 

al (1956) reveald that the simple Gruneisen’s theory breaks down at tempera- 
tures below 0.3 (9, y no longer remaining constant but increasing, and the thermal 
expansion becoming larger than the value predicted by the law. In a rigorous 
treatment Barron (1956) tried to explain the variation of y with temperature in 
an analogous way to that done by Blackman (1934) for 6, though the agreement 
is not satisfactory. 

* Present address ; National Metallurgicol Lob., Jainshodpore, India, 
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While the low temperature measurements of expansivity are needed for the 
theoretical development of lattice dynamics, the high temperatiu’e data for the 
alloys are required to test the validity of Gruneisen theory of thermal expansion 
in case of alloys. 

The Debye temperature 6 is another parameter of solids which enters into a 
number of solid state problems because of its inherent relation with lattice vibra- 
tion. For majority of metals 6 values are known but for alloys 0 is mostly un- 
known. The direct way of obtaining 0 is by the measurement of specific heat. 
However, according to Debye-Wallar theory, the measurement of integrated 
intensity of diffracted X-rays with temperature presents an a.lternative method 
for obtaining 6 . Such measurements have been made for Cu, A1 and Au by Owen 
and Williams (1947) for Ag by Spreadborough and Christian (1969b) and Haworth 
(1960) and for Al, Pb and /?-brass by Chipman (1960). 

Tn the present work we have measured the lattice parameter of three a- 
phasp silver- cadmium alloys by recording X-ray powder diffraction photographs 
in a high temperature cjamera and also measured their Debye temperatures from 
the inicrox^botometric measurement of the variation of X-ray intensity of Bragg 
reflections with temperatures. Following the measurements of latthie parameters 
we have calculated the Gruneisen plots by Fischmoister (1956) method for com- 
parison with Gruneisen theory. 

FXPEBIMENTAL PBOCEDUKE 

Silver-cadmium alloys with 24.8 29.3 and 33.8 atomic per cent cadmium 
were xjreparecl from spectroscoiuoally pure raatthey metals by molting apxu’opriftte 
quantities of the metals in evacuated pyi-ex tubes as described earlier (Quader, 
1960). From the homogeneous alloys filings were made with a file, displaced 
through 200 and 300 mesh sieves and then sealed in evacuated pyrox tubes and 
annealed at 660‘'C for 6 hours, thereby yielding strain-free powders with stable 
grain sizes. This long time annealing at a high temperature was necessary to liave 
stable gram sizes so that no further grain growth occuTred during subsequent 
heating in the high temperature camera. For the high temporature xiowdcr 
camera small specimens, about 3 mm in length and 0.3 mm in diameter, were jirc- 
pared by taking the annealed powder in thin-walled pyrex capillaries and sealing 
both ends. A long specimen was always avoided because some distillation of cad- 
mium occurred from it due to thermal gradient in the camera (Jiambor. It has 
also been observed that the powders get oxidised at temperatures above 300®C if 
the seal gets broken, even though the camera is evacuated during heating. There- 
fore, every precautions was taken to guard against these difficulties during the 
preparation of the specimen. Every specimen was mounted in anotjier glass 
capillary which in turn was mounted on the specimen holder of the camera. This 
practice was adopted to avoid the loss of heat of the specimen to the specimen 
holder by conduction. 
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Higli temperature photographs up to 532® C were recorded in Uhicam 19 cm. 
high temperature camera using copper Ka radiations from a Philips sealed off 
X-ray tube. The temperature of the specimen was controlled manually to within 
1®C and could be read by two Pt— PtRh thermocouples. The thermocouples of 
the high temperature camera \^ere calibrated by measuring the lattice parameter 
of pure silver. 

For the measurement of variation of intensity of the X-ray diffraction lines 
with temperature, exposures wore given at a constant voltage of 36 kV and 20mA 
for four hours. All the films were developed simultaneously in the same bath 
along with a standard wedge photograph, and the intensity of the high angle 
(511) and (422) lines were obtained microphotometrically. 

H K S U 1- T R AND D T S (1 U S S I 0 N S 
(a) Lattice parameter and thermal coefficient of linear expamion 

The lattice parameter of the alloys was calculated from the high angle lines 
and corrected by the standard extrajiolation method (Taylor and Sinclair, 1945). 
These values are recorded in Table I and are probably correct to within ±.0005A. 
Fig. 1 shows the plot of the lattice parameter against temperature. Tt will be 



seen that the points lie on curves which deviate only slightly from a straight 
line. The linear thermal thermal expansion coefficient ^ was oalcu- 
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lated at four different temper atures and the values are recorded in Table II 
and plotted in Fig. 2. 



r’lg. 2 Vanafaun of liiioar thoriiial oxpanmon oo-efllcient with tojnjiprntxirr foi' tho AkC'iI 
alloys. 


TABLE I 

Lattice parameter of pure silver and silver cadmium alloys 


Puvo 

Silvpv* 

24.3%Cd alloy 

29.3% Cd alloy 

33 8% Cd alloy 

Tomp. 

Ijatlir.o 

jiaramotiu' 

A 

Temp. 

“0 

Lattice 

paraniPtcr 

A 

Temp. 

°V 

Lattice 

Paramrtpr 

A 

Temp. 

'0 

Lattice 

Parameter 

k 

16 

•i 08.54 

25 

4.1395 

26 

4 1613 

27 

4.163*1 

22 

4 0858 

37 

4 1406 

37 

4.1524 

38 

4.1642 

134 

4.0960 

86 

4 1464 

86 

4.1574 

81 

4.1686 

257 

4 1066 

140 

4 1506 

131 

4.1616 

123 

4 1728 

327.5 

4 1131 

184 

4 1548 

189 

4.1674 

L84 

4 1790 

399 

4 1184 

284 

4 1643 

295 

4.1778 

284 

4.1894 

459 

4 1231 

319 

4.1676 

319 

4.1793 

311 

4.1926 

652 

4 1312 

394 

4 1746 

404 

4.1886 

394 

4.2006 

696 

4.1360 

489 

4.1827 

468 

4.1950 

490 

4.2106 

717 

4 1477 

522 

4.1873 

522 

4 2006 

522 

4 2140 


K46 4.1624 

943 4.1739 


proadborough & Christian (1959a) 
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The linear thermal expansion coefficient of the Ag-Cd a-phase alloys was 
studied by Owen and Roberts (1939) using a high temperature powder camera. 
They reported a mean value of a over the temperature range of 0“C to 300°C 
which are about 6% lower than those obtained in the present measurements. 
It is evident that the expansion coefficient increases with increase of cadmium 
concentration. 


TABLE II 


Linear thermal expansion coefficient, a, of AgCd alloys at different 


temperatures 

0 f)llll)OBlt-lOII of 

alloy at.% (VI 

a 

; X 10 “ at tho toniporature of 


Extraijolatod 
ax 10 “ at 0 °C 

90“(3 

210 °C 

330 “C 

450 '^C 

24 ^ 

22.84 

22.95 

23 05 

23.15 

22 78 

21 ) 3 

23.48 

23 81 

23 85 

24 08 

23 35 

33 H 

24 21 

24 35 

24 87 

24 85 

24.02 


(b) Comparison with Gruneisen theory 

An approximate theory of the thermal expansion, based on the Debye model 
of monatomic solids with a single characteristic temperature, 0, has been developed 
by Gruneisen (1912, 1926). It will be interesting to see how far this theory is 
ap])licablo in a-phase alloys where the lattice structure is the same as that of the 
solvent. For a crystal whose atoms exert nearly harmonic vibrations in an asym- 
metrusal force held, Gruneisen theory predi(;ts a volume expansion according to 
the relation 

a cty— 

«o ^0 ■■■ 


where B is the vibrational energy given by the integral dT and Q, p are 

constants. These latter can be estimated from other pi'opcrties of the crystal 
and are given by 


0 = Z« 


( 2 ) 


whore F„ and are respectively the molar volume and the compressibility both 
at absolute zero, and y is another constant known as ‘Gruneisen constant; and 


P 


m+n-)-3 

6 


... (3) 


where m and n are the powers of the Mie potential function 0 — ^ being 
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the interatomic distance. The above two constants Q and p can be obtained 
graphically using the inverted form of Eq. (1) : 


fhj} (Iq 



... (4) 


TJio left side of (4) is the reciprocal of the dilatation referred to 0'’K; to cal- 
culate this from the available expansion data which arc referred to 273°K it is 
necessary to know {o>zrd~ This quantity can be estimated from the low 

temperature approximation to Eq, (4) as done by Fischineister (1956): 


^273 [fp ™ \ ^,^‘^273 ■ -^ 373 

(Iq \ Q / 273 ^i;27a 


( 6 ) 


since the axiproximation Q ~ is applicable at low temperatures. For deter- 
mining Uo, the lattice parameter at 0“K, VAuth the help of this relation and 
was taken from our measurements and are recorded in Table IIT. 


TABLE III 

Data for Calculation of 


Materials 

rtj7'tA 

a273 X 

t’Diia cal 
mol-i °C-i 

nil 

mole 

‘do’A 

Pure Ag 

4,0840 

20.0 

5 88 

1195 

4.06760 

24.3% alloy 

4.1371 

22.78 

5 87 

1227.6 

4.11796 

29.3% „ 

4.1488 

23.36 

5.87 

1228.3 

4 12907 

33.8% „ 

4 IfiOl 

24 02 

6 87 

1228.8 

4 14000 


For the alloys the Cp values from zero to 300‘’K were estimated from the experi- 
mentally measured specific heat data of Jmre silver and cadmium (N.B.S. mono- 
graph No. 21 , 1960) with the help of Neumann-Kojip’B approximate rule. From 
the Gp thus obtained the values were calculated from the relation 

lA. 

= 0.0214 ( C7/) 


where la the melting point of the alloys in ®K. Finally, the values .of 
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^ 2 . — . dT were obtained from the area of the graphs of against tem- 

perature. 

F^g. 3 shows the ‘Grtinoisen plot’ obtained with Eq. (4) i.o. — m 

U rji ~0^^ hj rp 

for tlie three a-phase AgCd alloys and pure silver; the data for Fig. 3 ai e given in 
Table IV. The lattiee parameters of pure silver were taken from Spreadborongh 
and Christian (lOGOa). It is obvious that the Gruneisen plot for the alloys and 
pure silver are straight linos similar to those obtained liy Fischineistor (1956) 
for alkali halides. But following a similar jirocedure Mitra and Mitra (1957) 
obtained non-linear curves for Cu, Ag, A1 and Ft. 



->J/E2'X10:i 

Piy. H (Jmiujistin plolH loi tlio «-pliu.se alloyw ami pnro mIvo 

The constants Q and p as obtained from Fig. 3 are listed in Table V. The 
Q values for the alloys are iirobably correct to within 10 per (‘,ont. For silver the 
Q value is lower than the best value as suggested by Hume-Kothery (1945) viz. 
lOHOlO which would be obtained if 19.0x10“® w as used for silver foi- the 

calculations of Vq,’. This show^s that the value affects Q and p to a great 
extent; but the curves stih remain rectiUnear within the limits of expcrime.ntal 
error. Unfortunately, lor the alloys Q values are not available lor comparison 
nor can they be calculated from relation (2) because the Griinciseii constant y and 
compressibility are not known. However, it appears that the Gruneisen relation 
is valid for solid solutions. 

7 
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TABLE IV 

Data for Gruneisen plot of AgOd alloys 


Piiu' Si]v('r 21-.3% 

CU alloy 

29.3 

Ccl alloy 

33.8%, CM alloy 

ll~y 

11 y — Uo Krp Hrp a,, 

22H n 727 191.17 

lijqi ayr ilfl 

,724 183 74 

X io« 

Jiij' 

.720 

af> 

Hy — BLo 

179 22 

irry 

223.4 (192 

181.88 

091 

J70 98 

088 

171 .07 

.501 

143 2 .r)7C 

130.07 

.376 

143.71 

.380 

J1.3 77 

.:uiK 

104.2 .4S7 

127.72 

30 

120.93 

.312 

120.21 

.319 

89. 4 .-IIK 

111.77 

.4 13 

JOS 28 

118 

100.13 

.2HI 

80.07 330 

SS 48 

321) 

81 73 

330 

81 31 


73.2 31-1 

82.93 

.314 

83.87 

. 3 1 9 

79 01 

22-1 

03 9 .270 

72.70 

.271 

09.47 

270 

08 03 

.211 

09,4 239 

03 OO 

24(1 

02.02 

. 238 

38 04 

1H3 

00 73 228 

39.38 

.228 

38.01 

228 

33.94 

1 17 

38 2 








TABLE V 





JMiitci lali' 

(f jj oni 

I^'m *1 

n 1 1 oiii 

Viii 3 


Or, K 



I’m (• Sjlvri 

102200 

2 3 

191“^ 

223’' 



24 :i% hIIo> 

HS700 

1.3 

183 




29.3",; 

SOOOO 

j 

183 




33.8% ,, 

K4(MI0 

1 3 

178 






((j) JJehyi^ iempin'dluri' from thr If'niperalHtr varialion of Ukj inininhly of X-ray 
diffraction 

From the Dehye-AA^allev thooi y, thi‘ ttMn])eratiire clc]K‘iulenc*e of the inteiisily 
of fiTi X-ray rellcction is giva*]i hy the laetor exi)(— 2il/) (folloNMiig dames, 104S) 
whcij 


31 ^ 


7nk O'^^j 


Sm- 0 




HI 


and X ^ {OjT) 

the other symbols liavc tjieir usual meanings 
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If it in asButued that there is a single DebyO'Charaeteristic temperature 0 
which does not vary with tcmpeu'aturo, and if the sin all effect due to change of 
Bragg angle 0 with temperature is neglected, the Dtdiye-Waller theory leads 
to an expression 


A2 

sin“/y 


In 


dr \ ^ 

/ mhO'^ 




... ( 2 ) 


where fj'fo and /Oy are the integrated intensities of a Bragg reflection at tempera- 
tures Tq and T rosjicctively, ^ is the Debye integral funciion and the other sym- 
bols have their usual meaning Dsing (1u K a radiation the integrated intensity 
of the two high angle (51 1 ) and (422) lines of the alloys was measured at vaiious 
temperatures as stated earlier. From Eq. 2 it follows that (A/sin 0)^ log^^ 
{pffIPTf)) (whore Tq is the room temperature) should vaiy lineai’ly uith temperature, 
since {0(>r) l-ft’/d} is ajiproximately unity for all temperatures greater than 0. 
Tile observed detueaso in intensity is howevm’ greater than the theoretical decrease 
as has been found by other workers uhd(5 testing Debyo-Waller theory at high 
i/eniperatures Tlie main erior in Eip 2 arises from the assiimiition that the 
volume of the crystal remains eonsf-anb as the temperature changes. Baskin 
(Ulf)?) lias given a method of corrc'cting for the volume ehangc-is wliich is easier 
to apjily than the earliei method of Zener and Bdinsky (1026). His thermody- 
nainieal derivation of the variation of 0 (regarded as a te/Uipcrature dc^jicndent 
parameter fJ 2 <) with volume leads to a Dtdiye tempc‘raturc Oji, which for an isotropic 
crystal obeying (h'linei.sen’s expansion ecjuation is relafvd to the Debye temperature 
by the relation 

- (3) 

where and are the atomic volumes at temperatures T and rnd y is the 

(huineisen constant. Tims iilotting ~ \ log,,, {prpjpa) agn.inst a modified tempera- 

sin -f/ 

turc'. given by 

I yr \ 2 ? 

T “ ■ \ } 

where Vt^ is the atomic volume at l■eforenoe temiierature 7'(, a straight line would 
no obtained Tho Baskin correction has been apjilied by Spreadborough and 
Christian (1059b) and Haworth (1960) m ease of silver who got linear plots of 
Eq. 2 from the slope of which 0 was calculated. In the present measure- 
ments with a-AgCd alloys Baskin’s eorrcction rvas net applied as the value of 
Grimeisen constant y is not known. Therefore, for these alloys we have plotted 

logif 'l X against the temperature T, taking room temperature as 
Pro' 
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the reference temperature T^. The plot is aliown in Fig. 4 and the necessary 
(lata are given in Table VT. The points lie on curves the tangents to which through 
the reference' temperature represent the Debye Waller theoretical lino (James, 
11)48). From the slope of these lines the Debye characteristic temperature 6 
at room temperature was obtained. These values are given in Table V and are 
(iorrect to within 


t 


X 




->T^K 




lot'll. {P'flPTo) y - 


AVitb U-mperaluri' I'oi a-Ag Crl allcyn 


According to Zeiu'r and Bilinsky (1936) the 0 value from the X-ray measure- 
ments should be higher than that obtained from specific heat ineasureinenls be- 
cause of the different ways of averaging the lattice vibration trerpieiK’ies in the 
two cases. The measurements of Owen & Williams (1947) and of Ohipman (1960) 
also showed that 6 values from X-ray are 3 to 5% higher than those from sjiecific 
heat measurements. However, by X-ray method .Spreadborough & (^iristiaii 
(19591)) iind HaAvorth (I960) have got 191 and I97'"K respectively for the room 
i emperature value of 0 for silver whujh are lower than 225'^if deduced from specilie 
heat measurements (Corah el al., 1955). In a theoretical calculation of the X-ray 
Uebyc temperature for a face-centred -cubie lattice, based on the knoAvn vibra- 
tional spectrum, Blackman (1967) finds 0 -- l.S9“yi. A(!Cording to Blackman, if 
the actual vibrational spectrum has the Debye form, 0 from X-ray measurements 
should be equal to 0 from specific heat measurements. Thus the effect of taking 
the actual specti um into account is to lower the X-ray value in e.omparisoii to 
the specific heat value, 
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TABLE VI 

Alloy Composi- 
tion at. % Cd . 

Teiujinraturc "K 

L \ Pt^/ 

1 \ PtJ .U 23 


298 

0 

1) 

24,3 

413 

1.661 

1.720 


529 

1.123 

1 . 101 


762 

2.440 

2.482 


200 

0 

0 

20.3 

404 

1.720 

T.726 


592 

T.130 

n090 


741 

2.586 

2.618 


300 

0 

0 

3.3 . 8 

396 

i.721 

1.690 


5S4 

r 120 

1.080 


76.3 

2.. 319 

2 381 


in our present nicasureinents wc find for the alloys at the room temperature 
0 -- 17S to 1 S3°K wki(;li values arc lower than that for pure silver. CTiifo tunately, 
0 for tliese alloys are not known from sj)ecifie- heat measiiremonts for comparison, 
and iLciice the eonclusicm drawn by Blackman and others could not be verified. 
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1 

A PECULIAR PHENOMENON IN THE ELECTROLYSIS OF 
A FLOWING SYSTEM 

SANTl R. PALIT 


Indian Ahsoci ation fohthk (Cultivation of Si'Jioncf., ( 'al('Tttta-.‘]2, 

{Iteceiiyed JJeiendH'i 25, J961) 

On H,pplyiii^ a ddinitc^ voltage liotwi^en two oloef/iodc^s iiiinuTBed in a solu- 
tion ol ail electro lyte, the eiu'icnt is sonu'what unsteady prcssuniably owing to 
polarisation, evoUiUon ot hulihlcs and other distui bailees. Tlic observation has 
been made that if the elecitroiytc is made to flow, the (juiTcnt decreases through 
the ap])lie(l voltage is niaintaiiied (loiistant. and above a entieal velocity of flow 
of the electrolyte tJie current dro])s down to a steady value independents of any 
fuither Jiierease oF veloeity of flow of tJie electrolyte The difleieiice in current 
strength, Ai- — d i, whore i' is tlie rather unsteady value of the (iiii’ient passing 
through the stationary electrolyte and t is the steady current through the flowing 
cleoti'olytc at- the same voltage, is gi'iierally from a fmv per cent to as high as one 
hundred p('i cent of i but its accurate inea-suTement is generally not po-ssible due 
Lo the (liftieulty ot a precise measurement of i'. This remarkable behaviour how- 
ever, is shown by both A. 0. as well as D 0 hut it is expermicntally easier to study 
it Yvith 1). as the observation in ipiestion can be demonstrated with 13. C. at a 
very lovi current strength Avhcrc complication due to heating effect of the current 
is negligible 



h’jg. J . Kloctrolytic cell with flowing oloctrolyie. 

The above phenomenon can bo simply demonstrated with the help of the 
ai-rangement shown in li’ig. 1. The electrolyte enters the electrolytic cell made 
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uf ii 1iil)e (jf abcjut 15 nun dianieicr through any one of the side tubes a, h, c and d 
and leaves through any of the remaining three, the two idle side tubes being kept 
elosecl. A tliermometer is introduced through a central hole (not shown in the 
Fig. ) to reafl temperature. The two electrodes, MJ, E, arc ordinary carbon 
rods S to 12 inm in diameter introduced through stoppei-s Irom the two ends of 
the tube. The carbon rods may be sheathed with a close-fitting glass tube ce- 
mented to the carbon electrode leaving only the face free for bearing e.urrcnt. 
For a ready ilemonstration running tap water can lie used as tlie flowing electro- 
lyte. As the 1). (b source a lead battery (12 volts) with a rheostat and suitable 
ari’angement for measuring eurreiil and applied voltage is used. AVith the elec- 
trolyte flowing through the cell, the current may be conveniently adjusted in the 
vicinity of 10 milliamperes by adjusting the applied voltage. On suddenly stofi- 
ping the flow of the elecitrolytc, the ammeter needle shows a rapid drift of gradually 
decreasing intensity to a liigher value which may be as high as ten to hundred per 
cent or so under suitable conditions. On reversing the above jirocedure, i.e. 
on first ostablisliing tlie current with the electrolyte stationary and then letting 
the electrolyte flow, an immediate 'kick' of the niilliameler needle to a lower 
value IS observed. 

The two most important factors governing the magnitude of the ‘kick’, 
appear to be the (listane.e between the two electrodes and the conductivity of the 
electrolyte. The nearer arc the two electrodes, the higher i.s the “kii^k’, so much 
so, tliat with the above arrangement the ‘kick’ with very dilute electrolytes is one 
hundied per cent, from one steady value to another, if the distance between the 
the two faces of the electrodes is about 1 mm. At a constant separation between 
the two electrodes, the lower the conductivity of the electrolyte, tlie higher is 
the difference, A?-, between the ‘non-flow’ current and the flow' current. Hence 
distilled water shows a higher value of A? than many other electrolytes and in 
faei; versus concentration curve shows a maximuni round A/1000 for many 
electrolytes. Further, D.C. voltage above decomposition voltage are more effec- 
tive than A. Cb voltage of the same value Platinum, carbon and stainloss steel 
electrodes have been found to behave in the same pattern. 

A remarkalile property of the above behaviour however is that the current- 
voltage curve with A.C. of the flowing electrolyte appears to be linear jiassmg 
through the origin vhich in effect means that th(i flowing electrolyte behaves as 
an ohmu' resistance over quite a long range Ihe results of some preliminary 
experimerifs illustrating the above behaviour are showm in Fig. 2. Thus all 
disturbances due to polarisation seem to disappear by the simple expedient of 
making the electrolyte flow" at a sufficiently high speed, though, strangely enoiigli 
mere brisk stirring of the electrolyte is unable to do the same. 

It is rathei' difficult to understand the mechanism of the above behaviour. 

A 1 eduction of polarisation by the flow of the electrolyte can not explain the ob- 
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aerved behaviour as that would result in an increase of current. That the flow 
of the electrolyte helps in migration of the ions can not also be a possible expla- 



Volts (A.C.) 

Fig. 2. Current-voltage curve of (1) M/5 MgSOi and (2) M/10 MgSOj. The dotted 
lino ifl for ‘ntationary’ electrolyte, the current drifting to higher value with 
time as indicated by the arrows the bold lino ia for the flowing 
electrolyte. 

nation because the observed effect is not an increase but is a decrease, and the latter 
is independent of the direction of flow of the current or the electrolyte, and is more 
easily produced if the flow of the electrolyte is at right angles to the electrodes. 
It is difficult to associate the observation in question with the deformation of the 
ion atmosphere of the migrating ions because of the weak flow necessary to cause 
the phenomenon. It however, seems more likely that the reported observation 
is due to the production of sonic highly conducting charged species near the elec- 
trodes which move in the line of the current, and the flow of the electrolyte merely 
removes these disturbing entities. In this connection the following observation 
IS significant If the electrolysis of a nonflowing electrolyte is stopped and a little 
potassium ioditle solution is immediately added, iodine is liberated as is shown by 
its blue color with starch sol ; however, very little or no iodine is liberated if the 
iodide solution is added after about ten minutes, which discouts the possibility 
of hydrogen peroxide being responsible for the iodine liberation. A correct 
theory however has to wait until more facts are known, and to this end further 
experiments are in progress, the results of which will be reported later. 
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ABSTRACT. The j'esuHs of invfistigationH on tlio llairuiii and jiifrarfid spoot-ra of a 
fow fluouuatod tolueneH in different states and in different onviroinnenls have been diseussed. 
I’entaiivo aHHij^iiineuts ai somo of the vibrational frequencies of the molecules in the low-fre- 
rjuency rogion have been pj-oposerl T’he changes in some of the niti'umolueulai OHfsillalionK 
observed in the Raman and mliaied spectra have heen discusHpd on the liypothesis of mlor- 
luoloeului coupling through lluovino atoms of the Hubstunees Some of tlie new Raiinin linos 
»q)[»eariiig in the low-froquenev region in the Kaimui Npeeti'U of the siihstanees in the solid 
st ate at - I8th(! have been assigned to .some of the vibrational inodes of the iiioleeules jimpeiu 
dieulai to thf' planes of the bonzipne ring 

J -N T R O 1) ir (! T I O Ts" 

The Ihiinaii spe(;ti‘a of bejizuiie and a largo number of Hiibstiluted benzenes 
in the solid state at low tenipevaiiires have been studied earlier by many tvorkers. 
(^uierally, ehlonne or bromine substituted liciizonc eoinpouiids yield intense and 
nunuTouK ne^\' ImA'drequeney Raman lines in the solid state at low temperatures. 
1’he results of awes tiga lion on the Raman spectra of some simple fluorine substi- 
tuted benzene eompoiinds in the solid state (Miikherjee. 1960; Deb, 1901) also 
indieatcd the dependence of the uuinber of lou -frequency Raman liiie.s on the 
substituent, atom. It has been oliscrved that fluurobcrizcuie yields only one 
new loAN -frequency line in the solid .state Avhdc chlorobenzene gives five such lines. 
Tliis difference has lieeii attributed to the strong chemieal affinity of the fluorine 
atom in the molecules of such compounds (Mukherjee, 1900, Deb, 1901) resulting 
ill the formation of strongly associated dimers. In order to find out hoM^ tJie 
numbeTs and intensity of the low-frequency Raman lines depend on the position 
of tlie fluorine atom in a disubstituted molecule containing a single flimrine atom, 
the Raman spectra of oi'tho- and metafluorotoluenos have been studied m the solid 
state at - 180“C and compared with the spectra of the substances in the liquid 
state. {Since it would be iiiteiestmg to find out how the spectra would be modified 
if the fluorine atom were Iraiisfei'red Ihmi the hcnzeiie ring to a substituent group, 

* Communicatod by frof. »S. C. Sirkar. 
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the Raman epectra of bonzotrifluoride in the liquid state and in the solid state at 
— 180®C have also been studied. 

The infrared absorption spectra of all the coinjiounds in the liquid state and 
of their solutions in some aliphatic, solvents have been investigated in order to 
find out the effect of environment on the vibrational freipieneies of the nioleculos. 
The resvdts have been e,ompared with those, reported by jirevious workers in the 
case of similar sidistituted benzene eoinjiounds and the changes observed have 
been discussed. 


E X 1’ E B, 1 M IS N 'I' A L 

The liquids ortho- and motalliiorot.oluenc.s were obtained from Dr. Tliooder 
Schuehardt, flermany and the litpiid benzotrifluoriflc u^as siqiplied liy 13astmaii 
Kodak (Jo., (J.iS.A, The Inpiids were of chemically pure quality and they were 
luvthci' purified by repeated disiillalions iiriflcr reduced pressure lief ore eac*,h 
exposure, Th(^ expenmeiital aiTangement and pro(;eduie in lecording the Ivanian 
spectra in the solid state wei’o th(‘ same as those used by Hiswas ( 1 954). Tlie spectra 
were photograjhed on Jllord Zenith ])lates with the lielji of a Fiu'ss glass spectro- 
grajili having a dispersion of aliout 11 A/mni in the region 4047 A 

The infrared absoT‘j)t/ion speetra ol the compounds wore reeorded u'lth a 
FVrkiii Jillnier Model 2 >] sjieeirophotometer with NaCJl optics. Absorption cells 
ol thickn(‘HH 0 0.5 mm Avere used m recording the speetra of the solutions and a 
iiiucli lliiiiner films uei-o used m the case of the pure liquids Suitable eomjien- 
sation (‘(ills c(Antainjug the solvents Avore used in the refereiiei' beam whil(‘ 
reeordiiig the sjiedra of the solutions 


K E « V h T S 

Tlie speeirogranis are reprodueerl in Figs. 1, 2 and 8, Plate 1. Tlie oliserved 
Raman sliifts of the molecules in the li(|uid state and m the solid state at — ISO'^O 
are tabulated in 'fables 1,11 and 111 respectively. The Raman frequencies for 
llie compounds in the liquid state repoited by piwious Avorkors arc also 
iiu-ludetl in the tables for eomjiarison 

The infrared absorption siiectra of the eoiupouiids m the liquid state and of 
their solutions in and vi-lu'xane are shown m Figs. 4, 5 and 6 and the 

M'ave nnmbers of the iibsoi ption bands are tabulated in Tables 1, II and TIT res- 
pectively. The frecpiencies of the bands due to the compounds in the liquid 
state reported by previous Avorkers are also included in the corresponding tables 
for eonqiavison , 
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« 8 10 12 U 10 0 8 10 12 14 10 20 28x10'^ 

— ► V in cra-t — > V Hi r ni-J 

‘1(«.) IniVai'od HjMH-ti'uni of ortho- Fig l:(b) [nfrared s]>oc‘ti'UiTi of 0% solution 

fluoi'ololiiiio (liquid at 2(r(J). if orthofluoiololuoiio in ciuiiont'^traohloridB. 



0 8 10 12 14 10 20 28 lOJ 0 8 10 12 14 Hi 20 28x10* 

— > V in cini • ^ ‘ 

'jg ■l(L‘) I iifraro!! spoc-ii'inn of solution of Fig 4(d) tnfmrod spnclrinn of .T'/, soliit'ou 
nr(/liofliioi’o(oluono m tiarbonbisulphidn of orbhofluorotoluone m n-liexano. 



0 8 10 12 14 16 26 28 xloa 

V in om -1 

Fig. 5 (a) Infrarod spootruin of motafluoro- 
toluojie (liquid at 26 °C) 



68 10 12 14 16 26 2 S s 10 ^ 

-4 V in rm J 

Fig. r)(b) Infrared specti-um of B% solution 
of motafluorotoluene in rArbontotvin'Iilovide, 




Absorption ^ “’o Absorption ^ ^ Absorptio 
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ft K 10 12 14 H; 20 2RXl0i 
— > V in anri’i 

g. n((j) Infrared Mpoct.mm of 5% nolution 
r inel/iifluorotoliiene in riu bonhieulphidn. 



0 8 10 12 14 16 20 28Xl0a 

— > V m om*^ 

l'’jg 5(d) Infrared Kpeetrum of 5% solution 
of metafluoi’otolueno in n-hcxano. 



0 H 10 12 14 16 20 28 ><10:: 0 8 10 12 14 10 20 28x 10^ 

— > V in pm-i -4 V in cm i 

f. 0(a) rnfrarcd spectrum ofhon/otri- 0(b) Ini aitsd spectrum of 5% solution 

fluoride (liquid at 26''C) .if ben/olriOi orido in carbnntetrachloride. 



” 0 8 10 12 14 10 20 28x10^ 6 8 10 12 14 16 20 28x102 

— 4 V in em“J — 4vmeiii-i 

Fig. 0(o) Tufrai-ed spectrum of 6% solution Fig. 6(d) Infrared spectrum of 5% solution 
of benziOtrifluoride in carbonbisulphide, of b6n7,otrifluoride in «-hexai\e. 
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TABLE T 

Hainan and infrared spoeira nf orthofluorololuone, v in cm'*^ 


Hainan ahifiR 



Infrared 

bands 



l^iquid 

Solid 

Phw liquid 

fSolutions 

(Prosont author) 



(-180‘’G) 






ThoiURon and 

PvRBoni 

PiOHoni 

Thnniaon 

Prosont. in rurbon i 

.11 carbon 

m n- 

Teinplo 

antlior 

author 

and 

auihoi’ 

fcotra- 

bisulph- 

hexano 

(1948) 



Temple 

(1948) 


ohloride 

ido 




73 (4) 








96 (2) 






J 8r) (6)1) 

190 (6b) 

170 (2) 








202 (5) 






375 (5)1) 

42H (1) 

272 (6b) 

274 (3) 






526 (4)1) 

576 (5)r 

526 (3b) 

528 (I) 

528 H 





578 (4) 

578 (2) 

578 a 




670 w 

747 (1 OP 

744 (12) 

745 (10) 

703 H 

700 vw 

700 w 

700 w 

700 w 


752 vfl 

750 vs 


760 VH 

755 vs 

848 (0) 



807 w 

800 vw 






842 V8 
850 ms 

838 s 

835 N 

836 niN 

836 s 





886 s 

900 vw 


880 w 

880 w 

980 (2) P 

986 (Ob) 

086 (oh) 

934 b 

932 w 

930 w 

930 w 

930 w 

985 1118 

980 w 

978 VW 

978 w 

978 w 

J0:i7 (8)P 

1039 (6) 

1039 (6) 

1037 vs 
1072 vw' 

1032 ms 

1033 ma 

1032 w 

1032 w 

1155 (3b) 

1150 (lb) 


1108 VH 

I 108 vs 

n 10 s 

1110 s 

1110b 



1 145 vw 

1 1 20 vw 



115 w 




1172 vs 

11721118 

1173 ms 

1185 H 

1170w 




1103 V6 

1180 vs 

1190 H 


llOOs 

1233 (8)P 

1234 (8) 

1231 (6) 

1233 vs 

1235 VH 

1 235 VH 

1232 VS 

1238 vs 

1277 (2) 

1276 (2) 


1275 im 

1265 w ' 





1298 vw 

1290 VW 

1290 VW 

1 290 vw 

1290 w 

1381 (3)P 

1380 (0) 

1378 (0) 

1382 ms 

1385 w 

1385 w 



1441 (1)D 

1445 vs 

1416 w 

1416 w 






1460 VK 

1466 ma 






1465 VH 

1406 vB 

1465 B 



1583 (2) 

1586 (2) 


1 600 vs 

1 490 VB 

1 490 VH 






1580 s 

1 582 s 

1578 B 


1590 niH 

1618 (5)1) 

1615 (6) 

1614(2) 

1600 w 

1610 VW 

1616 vw 


1615 vw 



1 690 vw 

1688 vw 


1 688 vw 





1760 w 
1770 w 

1770 vw 







1890 w 

1895 vw 


1805 vw 





1 930 vw 

1930 vw 


1030 vw 





2830 B 

2840 w 

2836 w 






2900 niH 

2915 ins 

2900 ms 




2017 (4) 






2926 (3b) 

2929 (4b) 

2960 (2) 
3064 (3) 


3010 ms 

3026 ins 

3010 ms 





3040 ms 

3062 ms 

3040 ms 


3069 (41)) 

3064 (10b) 

3070 (5) 
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TABLE II 

Rtunaii and infeared ajiectra of motafluorotoluene, v in cin'^ 


Kill nun 


Infrared bandn 


Ljqiiid 

Solid 

Pure liquid 

Solutions 

(Present 

author) 



(— 180"C) 






Tliointjoii and 

ProHorii 

PwjHont 

'riiuinHoii 

Presen 1 

in furbon 

111 earbon 

in 71- 

Toniplo (I94S) 

autliui 

author 

and 

author 

ietia- 

bisulphide 

hexane 




Temple 


eldoridn 






(1948) 







88 (8b) 






212 (Jto) 1) 

212 (2) 







242 (2b) 

245 (5b) 

252 (3) 






290 (0) 

294 (0) 







4.'i0 (0) 
r.l2 (2)P 

512 (4) 

518 (2) 

518 jna 





527 (2)P 

552 ( 1 )'D 

528 (8) 

528 (2) 

532 niH 





55(1 (2) 

550 (0) 

085 vs 

080 s 

080 ms 

078 ms 

078 ins 


72H (5)P 

727 (15) 

729 (8) 

730 H 

725 ms 


725 ins 

726 w 

775 (0) 


778 vs 

772 VH 


772 vs 

772 VH 

ft42 (0) 



857 a 

850 H 

850 ms 

852 Ills 

853 nis 



888 H 

880 w 

882 w 

880 w 

880 w 




922 VH 

922 vfl 

922 s 

022 s 

025 ms 




908 w 

960 w 



950 AV 




995 w 

995 w 

998 w 

905 AV 

990 AV 

1002 {6)P 

1002 (15) 

1002 (10) 

1 004 ms 
1030 \N 

1030 w 

1030 w 

1 030 AV 

1 032 w 

1078 (lb)P 

1082 (3) 

1082 (0) 

1075 ms 

1070 w 

1070 AA 

1 072 AV 

1075 AV 

MOO {0)J) 

1101 ( 1 ) 

1 158 (0) 

1142 vs 

1 140 VH 

1140 VH 

1 1 42 VH 

1 1 40 A^s 




1 220 Av 

1 220 AV 

J 220 AV 

1220 AV 

1250 (2) P 

1250 (5) 

1255 (lb) 

1 255 vs 

1250 VS 

1 250 VH 

1 250 H 

1250 H 

1206 (2) V 

1272 (6) 

1272 (lb) 


1 200 A^H 

1205 vs 

1 207 vs 

1207 A^s 

1270 (1) D 

1281 (4) 

1383 (2) 

1 370 Ills 

1380 AV 

1 380 AV 

1 378 vv 


1427 (0) 

1445 VH 

1450 VH 

1440 ms 


1440 H 

1437 (0) 



1465 vs 

1482 vs 

1 460 ms 


1 455 H 



1 4 so V8 


1 490 VH 


1485 H 




1515 AMv 

1510 w 

1 540 ms 



1500 (0) 

1590 (Ob) 

1 590 (Ob) 

1 590 VH 

1 555 iiiH 

1 556 ms 






1582 VH 

1585 vs 


1 588 ms 

1018 (2) ]) 

1010 (8) 

1018 (2) 

1010 h 

1600 VS 

1015 H 

1010 ms 

1015 ms 




1 055 VAV 

1 050 vw 

1650 vw 







1730 vw 
1835 VAV 

1 730 w 

1725 vw 

1730 VAV 





1 920 VAV 
2310 vw 

1 920 VAV 

1 916 VAV 

1 920 vw 





2840 AV 

2840 w 

2840 w 






2890 ms 

2900 ms 

2890 w 


2925 (3b) 

2920 (Ob) 

2926 (5b) 


2930 AV 

2935 w 

2930 AV 


2901 (0) 





3006 AV 



3060 (3b)P 

3000 (8b) 

3000 (3b) 






3081 (2b) P 

3078 (4b) 

3080 (2b) 








Raman and Infrared Spectra of some Flouringied, etc, 66 
TABLE m 

Kaman and infrared ypectra of benzotrilluoride, v in cm~^ 

Kaniaii slnll Jiifmrod bandy 


Liquid 


Solid 
( -1 80^0) 

l*uio 

luiuid 

Solutions 

(Pruserit 

author) 

NaraBiniham 

Pi'waoni 

Proseui 

Thomson 

Presont 

in uarbon 

in carbon 

in n- 

a? (1967) 

aut-hoi 

author 

and 

author 

totm- 

bisulph- 

hexane 




'I'eiujjle 


chlondrt 

ide 





(1948) 





1 

2 

3 

4 

5 

6 

7 




98 (8) 






139 (h) (.7) 

138 (10b) 

120 (1) 
145 (2) 






199 (vvw)D 
235 (vvvw) 

200 (Ob) 

1 86 (ob) 






321 (vw)lJ 

323 (0) 







339 (Jii)r 

330 (0) 

330 (2) 






400 (w)3 J 

185 (vvw)i:) 

400 (ob) 

384 (Ob) 






583 (vvw) 

018 (ill) 

018(6) 

018 (1) 

599 b 

655 ms 

655 ms 

652 A\' 

655 AV 

067 (w) 1' 


001 H 

070 ms 

665 w 

600 \v 

(168 AV 

668 ms 





099 h 

692 vs 

692 


690 ins 

7li9 (y) 1’ 

774 (10) 

774 (8) 

771 s 

750 ms 
770 vs 


762 niH 

765 nib 

800 (vw) P 

797 (0) 







S14 (vw)!') 

840 (Ob) 


84 1 vw 

840 vw 


840 VAV 

840 VW 




900 w 

900 w 




925 (vw)D 



923 s 

020 ms 

922 ms 

918 AV 

916 AV 

972 (v\v)r 



970 V 

985 

975 AA 


976 w 

991 (w) 



992 vv 





1003. 5 (vh)!’’ 

1002 (15) 

999 (10) 

1006 w 





1027 (ni) 1’ 

1029 (4) 

1022 (2) 

1027 s 

1027 NS 

1027 s 

1025 ms 

1025 ms 

1071 (w) 1’ 

1070 (Oil) 


1005 H 

1070 vs 

1070 vs 

1065 s 

1070 b 


1080 Vb 

1 100 ^s 

1100 b 

1097 AV 

1098 ms 

1 127 (vvw)r 





1 1 25 vb 

1 130 vs 


1132 VS 

1101 (w) 11 

1158(1) 


1 1 50 VK 

1 160 Vb 

1 160 A'^s 

1 1 60 vs 

1 1 60 s 

1 187 (w) V 

1 189 (I) 


1 1 83 vb 

1 1 70 vs 

1 1 72 A^b 

1 1 75 

1 1 70 VS 

1239 (vvw) 


1 238 mb 

1240 ins 

1240 AV 

1235 VAV 

1 240 w 



1 290 w 

1282 w 

1278 AA 

1275 VAV 


1324 (iii)J’ 

1323 (0) 

1 323 (Ob) 

1325 vs 

1 322 Vb 

1 322 vs 

1 322 Vb 

1 320 vs 

1306 (a'vw) 


1360 ms 

1365 ms 


1 362 VAV 


1 389 ( \ V vv ) 



1 390 vw 

1 390 Av 




1427 (vvvw) 

1425 (2) 


1412 vw 

1430 w 

1 425 

1425 AV 


1422 AA- 

1458 (v\w)Jl 



1455 H 

1462 s 

1452 ms 


1 446 nib 




1 500 AV 

1 505 AA 




lyi):{(w)D 1690(2) 
1010 (w)D 1012(4) 
1002 (vvAv) 

1087 (vvw) 


IB'Jl (vvw) 

1940 (vvvw) 
1981 (vvvw) 
2204 (wvw) 
2206 (vvvw) 


1 590 (0) 
1010 (4) 


1640 vw 
1 015 H 


1010 w 
1050 vw 
1 090 vw 
1720 vw 
1 760 vw 
I HOO vw 
1 890 vw 
1 900 vv 


1010 w 

1720 vw 

1 890 vv 


1010 ^^w 


1715 w\y 


1 890 VM 



06 
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TABLE III— (co/i^(Z.) 


232) (vvvw) 
2401 (vvw) 
2741 (vv\v)l> 



2010 vw 

20 1 5 vw 



2!)13 (vvw)l) 
2920 (vvw) 



2900 vw 

2895 vw 

2900 vw 

29r»2 (vvvw) 
(w) P 
3022 (w) r 

2900 (I) 
3024 (1) 

2990 (1) 

3024 (1) 

2950 vw 

2950 vw 



3040 iiiH 

3010 ms 

304 w 

3070 (h) V 

3070 (4) 
3082 (10) 

3070 (3) 

3080 (8) 

3095 w 

3090 w 

3090 vw 

3183 (w) r 
3218 (w) P 
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1 . Raman nj)ectra 

Tlif" lianiaii ih‘(iueju4L‘s ohscrvcfl in th(‘ cawe o! tlic siihstaiKiPS jn the liquid 
stall' agioi' Avilh tiioso repi tried by previoUvS aiilhors except in the case of iteii- 
zoti'ifluoride, the Raiuan spectrum of Mliich reported by Narasimliam vl al. (1057) 
,sho^\ many more very very vi^ak Raman lines which liave not been observed in 
the present investigatiitn On examining the spectrum, it is found that the lines 
201.*}, 202() and 2952 cm ^ are clelinitcly absent although they were reported by the 
authoi's mentioned above, A spectrogram obtained with a filter to cut off 4047 A. 
line of Hg show the lines 1I5S and llS9cm“^ excited by the 435KA line witli 
iindmiinjslied intensity. Hence the lines 292(1 and 195(1 cm ^ excited by the 4047 A 
line are not su]k'i posed on these lines Hie spectrogram also show the CB 
lines excited by the 3050 A group ol Hg lines in t he vicinity of the Hg line 41 OS A. 
The line JSS cm ‘ may be supeiiiosed on it, Imt tliere is no siu^h hue excited by the- 
t 135SA line in llie s^iectrogram. 

(-hangc's in the Raman .spectra with solidification 

AVitli solidilication of the liquids some changes in the spectra are observed 
When orthofliiorotohiene is solidified and cooled to — ISO'^C), the line 190 cm~* 
splits up into two lines 170 and 200 cm“^ and the line 2929 em“^ is split up into two 
lines 2917 and 2950 cm~^ j-esiiect ively. In this case also two more new lines 
of Raman shifts 73 and 90 cni“^ appear in the spectrum of the solid. Similarly, 
in the case of metafluorotoluene the line 212 cni~^ beciomes very iveak and a new 
strong and bioad line 88 cm ‘ aiijiears in the spectrum of the solid. Also the 
lino 245 (uu ’ aiqicar to shift to 252 i-m^' under similar conditions. 

In offlei to imdersUind these changes it. i.s necessary to identify the modes of 
vibi'ation whicli givc^ rise to these lines. As several depolarised lines arc observed 
with values of Av less than 400 cm'^ it is difficult to assign the lines unequivocally 
ivithout I’oiiipai'ing the spectra of all the single halogen substituted toluenes with 
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each other. The tlanian frcqucncieB of such depolarised lines are listed in Table 
IV. In this connection it has to be mentioned that the Kamaii spectruin of p-lhioro- 
toluene was photographed again in ordej- to hiul out whether the line i52 cm-^ 
actually disappears as reported earlier (Ueb, U)bl) or it appear, s with feeble 
intensity. It was foiinrl that the line shifts to 102 enr ^ and becomes much 
weaker. Hence, this line has been included m Table IV. 


TABLE TV 



Modo 


Miidti 

I'll 







liaiiiaii sliilis m om i 

rtainaii sliiftH 

111 C'lll 


Liquid 

Solid 

Liquid 

Solid 

o-iquoi’otoluoiio'c 

272 

214 

190 

170 





202 

0 - 0 hloro lol u ono^' 

247 

243 

JG3 

102 





iSG 

o-13j'Oiuotoluoiio'' 

231) 

217 

152 

100 





172 

jtoluono® 

24r. 

252 

212 

88 

m -Cliloi'utuluoiic'^ 

222 

21 S 

1S7 

50 





129 

^n-BI■oI] 1 0 to] iiono 

200 

203 

173 

33 

130 

jj-t’luoi'otoluttnec 

333 

103 

152 

127 



353 


IG2 


307 

50 

1 00 ’ 

85 



390 


130 

-Biomu toluoiio^' 

242 

52 

80 y 

91 


102 


103 

"PrcMont work 



'dijHNMlS, 1955 




cDub. 1901 



'‘lhHWu„s, 

It (!aii be seen from column 2 of this table that a depolaiisefl llaman line of 
fieijuencY-shift ranging from 203 to 333 em“i apjiear.s m lhevS])ectra ol all the single 
lialogenj^jubsti til ted toluenes. Evidently, thi.s frequency is clue to an A" mode, 
ITiere are two sikjIi modes vliich can be identified with Vio(tv/') and of ben- 

zene (Hj)onor and Kirby Smith, 194I) and tliesc involve bending of the (I — H and 
( '-U bonds at right angles to the plane of tlic ring. The frecpiency of is ex- 
pected to be higher than that of Vi^. The latter mode is allowed in the Itaman 
effect in monosubstiiuted benzenes and disubstituted ortho-and nieta c uipounds. 
On examining the Itaman frequencies of sucJi compounds, it is found that a line 
having Hainan frequency ranging from 214 cm~^ to 184 eni"^ appears in the spectra 
2 
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of toluene^ chloroheuzene and broniobenzene. but it either becomes extremely weak 
or vanishes a similar substituent atom replaces the hydrogen atom in the 

para jiosition of the benzene ring. Hence this line can bo assigned to the mode 
Vji AS'hieh IS forbidden in tlie eentro-symmetrical disubstituled benzenes. In the 
present case the line 190 eiii"' of o-lJiiorotoliienc and 212 cm"' of mota 
liuorotoliiene are assigned to v^. 

There is another totally depolarised line with the liaman frequency ranging 
fioni 2r)r) to !14() cm ^ in the sjiectra of the mono substituted benzenes mentioned 
above. There is also a third sueh line in the neighbourhood of SOO cm These 
fieqiicncies (;an be assigned to the inodes corresponding to men- 

tioned above. In the spectra of ortho and meta-fluorotolucne the corresponding 
Iroquencies are 272( nr^ and 24.5 cm resx>cctivcly. The lines 52(icm"^ and 
550 em ^ can similarly be assigned to the mode Vjy which is allowed in the cases 
of these two inolec-nles and is almost forbidden in the ease of /j-tluorotolucne Avhieb 
sliows a very \\(‘ak depolarised line 49S cm~b 

Table I shows that the line JOOcm ^ splits up into twD lines at 202 ciii~^ 
and 170 eiu'^ respectively and the line 272 ciii"'^ remains almost unchanged wlieii 
orlhoHiioroluluene is solldillod and cooled to — ISO^’C. The splitting of the former 
line is small and this may be due to weak intermolccular coupling of diftercnt 
strengths with different neiglibouriiig molcinilos in the latth'.e. The splitting of 
tlie line 2929 eiii'^ due to the CH^ groii]) shows tliat sueh coupling takes phiee 
between the fluorine atom and the CH., groiqi of the neighbouring molecule, 

Jn the ease (*f the ineta compound the changes in the spectrum with soiidi- 
lication of the liquid fippear to be more drastic. The lino 212 cm disappears' 
and a stiong broad lino appears at SScnrk The line 245 0111 ^ shifts to 252 
0111 “’ and becomes weaker and sharper. These changes may be due to stronger 
intermolecular coiqiling between the fluorine atom and tlie neighbouring benzene 
ring in the crystal. Proliably the line 252 cm is due to a configuration of v^o 
m which the coupled fluorine atom I'emams stationary and the CH^ group along 
with OH groups executes bending oscillation The other conqioiient ol v^, may 
have a frec|iieiicy iioai about 90 ciu“’ and the iiew^ liioad line 8S cm“^ may 
tJuis lie due to the two modes v^y and Vj, m such coujiled molecules. 

fn the ease of tJie- ortho eoiiipouiid there are two more new' low'-froqueiicy 
lines 7,‘l and 90 cm“’ ies])ec;tively. In fliis (;ase the mode is allowed and in 
coupled molecules the frequciiey is expected to lie hmer than that duo to vji 
Hence the two lines 73 and 90 cin~’ may be due to and respectively. 

When benzotrifliioricle is solidified and cooled to — 180"C the line 138 ciu“^ 
arising from a bending of Ihe bond (Nielson and Thiemer, ]9.57) splits into 

three lines 9S, 120 and 145 cm ^ lesjieclively. The line 400 cm shifts to 384 
cm~’ and the line 200 eju~i shifts to 185 cm“’ with the solidification of the liquid. 
TJilC line 138 em ’ can be. assigned to a mode corresponding to of lienzoiio and 
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the lino 20U cin“^ to The splitting of Iho line 138 oni "' into three eompo- 

nent-s ]ua>’ bo clue to weak linking of the OF., grouj) with the h^^drogen atom of the 
neighbouring inoleeiilc, the strength of the Unking being different along f iie three 
axes. 

The line 400 cm'^^ has been assigned to rooking ol the OF^ group. The shift 
of this line to lower frequency in the solid state at — 1S0"('! may be due to the for- 
mation of weak linkage between the fluorine atoms and the neighbouring 
molecules. ft has to he pointed out, however, that toluene also shows 
a depolarised line at 405 c.m~^ and this may be due to which gives a weak 
line in ihe spoctriini of benzene. 

IT. Infrared spectra 

I’Jie infrared specf i’a of the substances in the lu|uid state' werc^ re])orted earlier 
upto IflOOenr^ (Thomson and Temple. 194S). Also the infrared absm’jrtion 
speefrum of liquid bonzotrifluoi idc in the vapour state has Ix'en studied upto 
3100 cm“i NaraHimham H al , 1957). In the iiresent investigation the absorption 
H])C'ctra of the licpiids in the ])iire state and in the sohitions of various aliphatic, 
solvents have been recorded upto 3600 cm~h Tables I, II, and 111 show that 
most of the infrared bands of the compounds agree closely with those reported 
by previous V'orkru's. In the case of orfho-fliiorotoluene the strong bands 703 
and <S(S6 cm“^ reported by iirevioiis workers appear very weakly in the pi'esent 
investigation and a neu' band 1415 rni“^ has been recorded. In fhe case of ineta 
Ihiorotolnenc oiu' broad band 99S cm ^ has been oliservod in place of two bands 
!)95 and 1004 cm ^ reiiorted by provioii.s workers and two extra bands 1220 and 
1260 cni '^ have beenrecoided. Smiilarlv, in the case of benzotrifluoride the bands 
771 cm~^ and J 183 cm ^ lejiorted by previous workers appear as doublets with 
comjxmcnts 750 and 770 cm“^ in the fir.st caseand 1160 and 1170 cm~^ in the second 
case. 

Infrared spectra of solutions compared to the spectra due to pure liquids 

The records of the absorption spectra reproduced in figures 4, 5 and 6 show 
some changes in the strengths of absorption and positions of some of the bands 
with dissolution in certain solvents. Figure 4 sliows that the band 1032 cni”^ 
becomes much w^eakcr when the substance is dissolved in and it is slightly 
weaker in the case of the solution in 7 »--hexane. Similarly, the band 1 250 
of -m-fluorotolueno becomes much weaker in the solution in 7i-hexane and slightly 
w^eaker in solution m carbon disulphide. These lines are probably some modes 
which involve the simultaneous stretching of C-H, C-CB 3 and C-F bonds of 
the molecules, The weakening of the bands indicates that the fluorine atom is 
weakly linked Avith the solvent molecules in both the cases. 

In the case of benzotrifluoride (Fig. 6) the band 1027 cm-^ becomes much 
weaker in solutions in CSg and in ?i-hcxano. Tfiis line has been assigned to the 
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Kirott'hiiij< mode jji the •rrodp (Naiusiinhaiu a/., 1057) and in this 
cane also tlu^ ri'sults indicatc'd Aveak eon])liiij5 ol' Iko fluorine atom.s with the 
solv(‘i)t niol(M'\iles, 


A(n<N() WLEDrJMJ^ NT 
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CAPTURE RATES OF NEGATIVE MUONS BY NUCLEI 


PRAKARH CHAND and B. K. AGABWAL 

Dr-rAllTMENT OF PjlYSICS, UmIVEKSITY of AtJ AllADAI), IkDIA 
{Jtvceiwd Noventhor 27, 1960) 

ABSTRACT llHing roront muon inass and radiuH of nueloni chnrgo disti jbution 
R- l,2Axl0'i'’ cm, Iho Whoolt^r's Z(>ff has boon calciilalnd onijOoying hydrogen -liko wave 
funcljons for diffoi’ont nuclei. Substituting tboso valuo.s of Zrff in Pnninlcoff’H Ibi inula the 
cajjfuro rates of inosons by viU'jouk iiuolni have boon ovulualod Tbo results of jiroHoiili caleu- 
Intions are in good ngi'eement wUh oxporiniontal data, 

1. INTRODirOTT () N 

When ft /f inosoii gels an ojiportunily to slowed dinvn by ionizing collisions 
to nearly tliermal volority, being a Dirac particle, it falls into a hydrogen-like 
‘Bohr orhit’ around the niielciis. It may no\r be captured by a nucleus according 
io tiie process 


//--I V (]) 

Tlie other competing process is the radioactive decay into an energetic electron 
and ttiT) neutrinos 


// |-2v ... (2) 

At ahouf- Z = 10, th(* lifetime for nuclear absorption is approximately e(pial to 
tlie 1 detime of the decay of sioiv mesons and only Arhen Z decreases below 10, 
process (I) loses out veiy rapidly to process (2). Wheeler (1949) has shown that 
the probability of nuclear absorption, process (1) is sensitive to the atomic number 
of the nueleus. The probability per second of absorption is 

A aS I ijr, i(iit each proton) | - 

all prntotis 

Assuming that all jirotons can interact independently with the //-mesons in the 
K orhit, and the nucleus is a point, Ave haAU* 

AaSUMO)^ aZ|f40)|2 ... (4) 

AA^here ground stati* Avave function evaluated at the origin and u/a,, 

is the muon Bohr radius. Tf, for Z ^ Zq^ the absorption and decay probabilities 
are equal, the decay lifetime t„ is given by 

- — constant X 
'^0 
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Eq (4) can mnv 1)0 ’written hm 



constant. \' ^ ' 


Olivionslv. tins is a very criide estiiiiate. o.s|)ecialJy for hifjti Z wlioro the racliuR 
of union orliiL is coniiiarahle to the mioloar radius. For a finite size nucleus with 
a oontinuou.s cliarge distribut ion, Wheeler (1949) writes the probability per second 
of absorption as 


/\ - con.st.ant y 


( 5 ) 


Avherc is defined by 




ff -- 



Jo* . 


((i) 


Usirif^ -- 2H)w^ the constant term in ((>) ouLside the sciuare brackets comes out 
to bo 47.1 With Wyn = 2 (Ui.Hfi?a ,5 it oonio.s out to be 40. 0, a value which wo will 
employ in our calculation. 


L’. (!AL(UT L A TION <> t’ 

Wlioelcr has evaluated (fi) for .several nuclei, usin^ f^ronnd state wave furu*- 
tions of the throe dimensional i.sotio])io oscillat.oi. and connoctotl thorn liy ai^ 
empi'K a I formula 




(7) 


w^hich yie^lds nearly a straight line for the absorption pj‘obal>ihtv vs. Z\if graph. 
Uccently, several workers |Keuffel and Mover (1957) Sens ei (if (1957), Astbury 
cf (il. (195S), (filboy and Tennont (1959), Sens (1959)] have measured the captuit*. 
probability of element.s like Kc, Hg, (hi. Sb. Bi. Pb, etc. and have found that 
expcriirienfal points do not fall on the curve predicted by Wheeler s theory, even 
if pow ers occurring on the right hand side of Eq. (7) are readjusted Thus Keuffel 
and Meyei (1957) and Sens (1959) find that points for Tl, Pb. Bi, Hg and U 
show^ considerable dejiarture from the straight line, obeying Eq. (7) for Zf^jf, 
Kennedy (1952) has tried to explain the discrciiaiicy for Pb by arguing that for it 
the nm lear structure is oi' closed shell and this is re-sponsiblc for the effect. How- 
ever, this fails to account for the cases of Bi and Hg. Also. Kennedy (1952) 
has calculated the ratio of capture rate by Pb and Ca as l.G, the value from 
Wheeler’s calriilations comes out. to be 1.14, while the recent experimental valuer 
of Sens (1959) is 1:4. fi. 
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To remove the strong disagreement between the values given by Wheeler’s 
formula (7) and those desired from observed values, we have undertaken to eal- 



Kig 1. Tli(» plol ot iiptunHl Vu W flun Id WJidolnr , K fJun Id Kmoui ami Vtlli ; P duo 
id prohdul caloulatioiiH. 

ciiliite li'om Eq, (()) using hydrogen -like, wave funetiuns (for the method 
of ealeiilatioji see Appendix 1) The iiitegial uerurring in the numerator of (0) 
has been out off at, 

R (l.2:J,().03).4i/^ X 10-^3 cm. (8) 

which is the latesi. expcuimeiiUl \alue for Ihe radius of the uniform distribution 
of charge within the finite viduine of the mieleus 4his value of R seems to be 

IJie most reliable; one (Fitch and ilaiiiAvator, H)5^i , toidaiid Hdl, 19155). lli'sults 

ol our caleulations, taking -- 1 .2 < oiu. aie plotted in Fig. \, 
whieh also shows the values ol eahmlated by Wheeler's formula (7), and by 
Fei’iari and Villi (1954). 

;{. K V A J. U y 'V 1 0 .N U V C A F 'I’ U 11 K K A T F 

The faptur(t of jiichou liy nuclei involves a weak mteiaotion hclween half- 
sjiiK partietes. It i« now l.clieveil that universal Keiiin niteraetioi) 
IS responsible, ior the liioeess (1). On tins basis Priniakoll (llloll) has esM- 
maletl the transition matrix elenicnl lor the reaelioii (1). by means ol the elosure 
ajiproximation taking into aeeount Uie Pauli prineipb- and a,ssumiiig that those 
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Htatew which arc not energetically posaiblc do not contrd)ute very much to the 
result. The results are given iii the form 

Capture rate ^ Z) ^ 7A%,(1, 1)| 1 - S | ... (9) 

when terms of order IjA are neglected. Estimated values of iiarainctors arc 
(5 — S.IT), yAf^(.ap{l, i) — 1S8 sec.' We have calculated the capture rate from Eejs. 
(fi), (8) and (9). The calculated (;urve for capture rate has been jilotted in Fig. 2. 
against Z. The figure also t:ontains Die Curves according to the calculations of 
Wheeler (1949) and Ferrari and Villi (1954) together with the. available experi- 
mental data The agreement between our calculations and experimental values 



Tig. 2. Tli(. cnplurc rate fbv inoHoriH us a (uudam of Z Ciilculalad eui'voH a.o W duo iu 
WIiooli'i', 1^’ duo 1o Forran and Villi, and P duo lo |av,soi.t ofilculations, 
EKl.oninonlal i^omls ; A Soii-s, Q Aslbury ot al., UlObboy ol. al . tKonffol & Mayor 
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19 fairly good. The ratio comes out to be 1:4.43 which 

18 clowe to the experimental value 1 4.69^-21 (Sens, 1959). It will be worthwhile 
to look for the is<d.opc' elloet experi mentally For Oa our calculated values give 

= 1/3.4 

4 . CONCLUSION 

It appears from our caleulatioiiM that Eq. (S) for the radius, M, to calcu- 
late Zfff is a suflicieiitly good approximation and it is not iicccssaiy to employ 
tViini-type or otlier functions to represent ike charge distributions i‘or various 
nuclei. To iurther test the validity ot our calculation measarements of capture 
iat(‘s of muons b;\ nuclei ot rare earths (with targets of known A value) will be 
(Icsiiable. Tt should be noted that at higher Z our calculated curve shows that 
ciijdure prohabilit;^' should decrea.se with increa.ye in Z This a])pears to be c.oii- 
lirnied by the exqieraiu'iital data of Iveuffel and Moyer (1957) wlio find that captui'e 
jirohability in Fb is lower than that in Hg although the Z viable of the former is 
greater than that, of the latter 'Phe lou' captim* probaijility lor IT observed by 
Sens (1959) further coiilirms the downward trend ot our calculated curve at 
higlu'V Z, 


A C K N (.) tv L JO 1) C M E N T S 
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A l‘ J* E N J3 I X I 

Tlic‘ ,S(‘hroding(*r nave function m hydrogen-1 ike atom is 




1 

2\/7T 


I 4.Z'^ {n~ I- 1)1 


(/d 


with 
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'IZr 

7IUju,„ 






k'or the K orbit, Ave haA'e 
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Therefore, 





wlik'li eiMA be easily evaluated. 
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DISLOCATION DAMPING IN a-AgCd ALLOY 

MO. ABJ)ITL QIIADER* 

Indian Association iron thk (Jui/nvATioN of ScjicNni?, (1aL(Mitta-32. 

India 

NoDcmfifr, 14, UHil) 

ABSTRACT. Tlio offoci of hoai tronfraeul. on iho diHlooolion tlaminap; is Hludind m 
2'). II nlomio |J(M oniif nudmmm Kilvor-rndimiim ulloy A liancUinp oilopt is obsom'd, analo- 
f»oua lo l.lmt found by jirovious workois in ])uro gold The fnrnacn t-oolod spocimi'n sliows 
inoi’o liaiidlirip: olToct Ibaii l.ho walov qumi<*hod ono, but tho nmplitiidp uuloiKMuliMit intornid 
friction IS fiighiM* in watoi qiimifhod sponmon Thus, tho roault,s for this alloy arr contiadif- 
tory in rogard to tlio quench liurdoiiing oflects The obsorvod clfoeLs aio inteijneted ni terms 
of tho pinning of dislocatioii,s by vaenneicK and diseiiHSod in I ho liglit of (hanalo and lAjeko 
tlinory. 


1 N T [l( ) D IT T I O N 

The diHlocatioris in incials are knotvi) to execute oaeillatory inotjous iiuilei' 
tlie applierl alternating stress (Nowick, 1953) and Ihei’eby produce damping that 
accoimt.K for the relat.ively liigh damping of Jiigh purity metals. Tliis part of the 
damjnng is strongly de])endent on tlie amplitude of vibration due to the breaking 
away of disloealioiis from their jiinning points (Granaio and Lucke, 1959). The 
taet. that impurity atoms and point defects such as vacancies ai-e capable of pin- 
ning dislocations has been demonsljTited by various (dfects of addition of small 
amemuts ot“ iinpui'ities (Maddin and Cottrell, 1955) and of irradiation (Jamisonand 
Tllewitt, 1953) on meehauical properties. The (pioiich hardening effect as ohservod 
by Li, AVashbuiii and Taiker (1953) in Zn crystals and by IVIaddiii and (Jottrell 
(1955) in A1 crystals is, according to them, due to the pinning of dislocations by 
the c|uencheil in excess vacancies. The latter workers also relal^ed the age-harden- 
ing ])henonicna as due to the rriom temperature migration of queiiched-in vacancies 
to dislocations. 

Thai, the cpienching has marked effects on internal friction has been shown 
by Levy and Metzger (1955) in aluminium and also Roswell and Nowick (1957) 
in pure gold. They have observed that the amplitude dependent internal friction 
was considerably lower in air quenched specimen than the furnace cooled onoSj 
wliilc the dam])ing of water quenched specimen was practically independent of 
the strain amplitude. Further, the observations of Wcertmann and Salkovitz 
(1953) in lead and Caswell (1958) and Reshers (1959) in copper revealed that both 

♦Presieut addrodB ■ National Metallurgical Joinahodpur 
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tlu‘ iiniplitiulo (lejuMiflrnt aiul aiiiijliLude iiidepciulont iiilernal friction decreased 
on iTHTeaHinjr tin* iinpiirity com lintratjon. These results are in agreement wifcli 
the theoretical predictions ofth'anato and Lneke (195(5) that the excess vacancies 
trapped in tin* metal hy qiienoliing from a liigher temperature and also the impnritv 
atoms pin the dislocation thereby reducing the lo(»p length and hence the decrcasi^ 
in internal friction. According to tlie theory the internal frict ion in alloys with 
high solute concentrations should l>e independent of amplitude at. least in the 
low and moderate amplitiuh' of \ibrati()n. 

It IS elear from the above ace-oimts that all the observations on disloeation 
damping are limited to either pure metals or very dilute alloys where the (hanato 
and Lucke theory holds good Tn the present investigation we Jiav(‘ studied the* 
(jneuehing elfects on dislocation damping in an alloy wiien e tlie Sfilute is present 
in largo (jnantities i.e., 29.8 atomic per cent cadmium ot sdver-cadmiiiii allf\> At- 
leniiits hav/‘ been made to intewprete tlie results in the light, ot (franato and Liicke 
tlieory . 


iO X K K I M J'] "N 'r A L M K T K () L) 

The silver-cadmium alloy specimen used in ihese* c'xperiments Avas pri’pared 
from spectroscopically pure metals The details of tiic preparation of the alloy 
and the sxieciiuen for use in the torsional pendulum Awas given earhei' (Qnadei, 
19fil). The specimens of the 29.3% alloy w'^cre sealed in evacuated Pyrex tubes 
and given a six-hmirs anneal at (i5()‘M.l folloAsed liy either furnace colling or w^atc]' 
(pienching Int ernal friction measureiiients were made at room ti'iiijierat.ure by 
moans of a torsional pendiiliau vilirating at a frecpiencv of aliout one isycles pi*r' 
second The cpieiiched sample Avas nioiiiited in (lie pendulum and tested Avithui 
15 min. of the quench. After that IJic speeimeu Avas allowed io stay at- room tem- 
perature in the pendulum undisturbed and internal liietion Avas measured Avith 
time. In a similar way the furnaee iiooled siieeimen was tested. In one case 
internal friction at 72 and I2(l®t ' Avas obtained Avith the Avati'i* qiioiiehed specimen 
after 5 days slay at room t.emiieratnres Avhen it had attained a steady A^aliie of 
internal friction 

The vibration of tlie pendulum w^as recorded photographically on a rotating 
dram. Hence, from a single run internal friction at all amplitudes of stain was 
obtaincfl. The measure of internal friction heiein adopted Avas Ihe log decrement 

divided by tt The strain anqilitude Avas calculated from tlie relatmn ^ 

wdien is the strain amplitude, 0 the angle of twist, ? the radius of the specimen Aviro 
and I its length. 

E X P E R I M 15 N A L R. E S U L 'r H 

Internal friction measurements w’^ere obtained for strain amplitudes of I to 
5 X 1 d~" and are shown in Fig 1 . The full curves, representing the internal frict ion 
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jnctiHiired withiu 1 5 min of immnting. .show a strong anijilitmlt* rlriuMKh'nco. While* 
the wat.er quenohefl specimen shows approximately anqilitiide ind(‘pemh*nt internal 
frii'.iion helow a strain amiditndo of about 2 10 tiie I'onstant value being 

1.28x10“'*, the furnace cooleLl .speeim<*n .show.s no .smh amplitude indi’jiendeiit 
intei'iial friction even at a .strain amplitude of 1.4 ; 10 However, in furnace 
(iooled alloy, flu* internal friefum drojis very rapidly below the .sfrain amplitude 
of 2 X 10"^ and probably it would be even lower fhan flu* constant amplitude 
mdcjiendent part in the water (pienched specimen. The curves are similar m 
naturt* to tho.se obf ained by Wert (1040) in Zn and indicate c,onsid(*rable amount 
of irreversible amplitude dejiendence of the internal fiii lion, being moie in furnace 
cooled specimen This shows that fhe measurement it.self is affeef ing the condi- 
tion of the matei ial. However, no definite information about the hysl(‘re.siH in 
any of these cuives could bi* obfained with the torsional jiendulnm One more 
tiling is clear vr/. , that the aiujibfude dependent infernal friction is higher in the 
case ol furnace cool(*d specimen 

Intornal fiiction flata for fhe solid curves of Fig 1, as stated eailier were 
obtained within Ifi min of mounting the .specimen in the pendulum TTjxm stand- 
ing. thi*re i.s a lendenc\ for tlu*.s(* internal fricf ions to decrease. This effect is 



Kig 1. 'the vai'iaiion of iiiieriiid fiictiou with strain amphturlo as a function of initial hcul 
ti’oafment (solirl cuwch) and us a iunclion of timo (biokon curvu,s). 

greatest for the furnace cooled sample and is illustrated hy the broken curves 
of Fig. 1 . After standing for three hours the internal friction of the furnace (uioled 
alloy decays to values lower than that for the queneheil one. The watei* quenched 
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.sample, OM the oUic'i hand, shows a .shnv decay of ilie am j)lil.iidedei)ondent damping 
during tlie first few lioms of ageing after which its variation become, s negligibly 
NinalJ. Hovvevt'r, the amplitude independent part of the damping I'emams praeti- 
eally constant in all times 'rius is evident from the curve obtained after 5 days 
of ageing. 

The decay of internal friction on standing might be interpreterl as an age- 
hardening effect as Levy and Metzger (l!)ri.5) have done for alnniiiiium. Koswcll 
and Nowick (19.57) have observed a similar effect in pure gold and interpreted the 
decay as due to the elinunation of the effects of handling m the mounting of the 
speemmn Wi* also suspected a .similar cause for the decay and performed some 
handling expcrinu'nts in which both the furnace cooled and water (pienched speci- 
mens were allowivl to stand in the pendulum f'or 5 days after which thi'y vTre 
disassembled and remount, in the ])cndiihim and the internal friction measured. 
Tlie results aic given in Table 1 and .show that mere dismounting of tlu' specimen 
and snb.se((uent mounting always bring the internal friction back to its original 

1 

Effect of haiidliiig on the iiit.ernal Inctioii (at .strain amplitude of 4x19“'*) 
of furnace cooled and water (jiicniihed samples 
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value before decay. These results show, therefore, that the decay in time is the 
elimination ol handling effects that, takes place during inoiinting the. .specimen 
on the pendulum. The furnace cooled .s^ieciiiieii .shows more rapid increase in 
internal friction (both amplitude, dependent and amplitude independent) -with 
handling and rapid decay, while the water quenched speidmen show^s increase only 
in the amplitude rlepeiident internal li ictioii with handling and slow decay. Another 
interesting point to note is that the amplitude independent internal friction in 
water (pienc.liod specimen is higher than that for the furnace cooled alloy after 
the handling effects have, decayed out which is opposite the case of pure gold as 
observed by l^oswell and Nowiek (1957). 
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DISCUHR lOJJ 

TJie results of the present measurements may be sinmnaiisetl as follows : 
(I) The room i.ein])erature inlernal frietion of the 29 11% Aff-Ol alloy depends 
on the initial heat treatment. Also the internal frietion is strongly amplitude 
dependent and decays on standing. (2) The existence of the liandling effect on 
the internal frietion has heen demonstrated, whereby the lurmiee cooled sample 
IS the most sensitive to handling. These results will now be discussed. 

In (pienching experiments no types ol disorder otliei than vacancies can be 
expected to be trappeil, in the crystals. Thus a Jiigh density of vacancies attaidied 
to the dislocation is expected Also the exce.ss vacamut'S trapped in the lattice 
migrate to the dislocations and pm them further. These account for the inci eased 
hardness in (pienched metals However, with regard to th(‘ cpienching effects 
in the AgCd alloy tJie results are contradictory. The amplitude inde])endent room 
temperature internal fru-tion, after the handling effects decayed out, is higher 
in nater (juenched specimen than that of the furnace cooled one. This might 
indicate that the haidness of the alloy depends on the late of cooling, being more 
haid on sloii' cooling or in other woi’ds no (iiiench hardening. On the ot her hand, 
the water ijuenched sampl(‘ is less suscejitible to handling effects. Aceoiding to 
liossnell and iSlowick (1907) the ((iiench haidening in pure gold luanifests itself 
jnimarily in teims ol susceptibility of the sjiecimeii to handling, i e , the lesser the 
handling effects (he gi(‘ate,i is tlu' haidening. Ac.cordnig to the above conclusion, 
the AgOd alloy is shoiving cpieiich hardening to some extent. 

'fhe results of Levy and Metzger (19o3) for A1 and of Ifosswell and Kowick 
for gold dlustiate that both the amplitude depemh'iit and amplitude independent 
internal friction ot metals are reduced b\ (piemlung from a high temperature, 
and usually th(‘ faster the ([ueiichiiig, the gieatei the leiluction. The main change 
of state produced by quenching a metal is to introduce vacancies, the concentra- 
tion bi*iiig gri'ater the higher the initial temperatine and the faster the rate of 
(|uenching. These vacancies ])in the dislocations and thus i educe the loop length 
and so also the internal friction. In ease of pure gold, Roswell and Nowick further 
assume, d that in (lueinhed spceiinen most prohahly the dislocations are pinned 
by clusters of vacancies which form an atmosphere about the part ial dislocation 
in the metal. But in the case of AgCd alloy we lind that lioth the amplituile 
ilependent and amplit,ude independent internal friction arc higher in case of water- 
qnenched alloy. This may be due either to a high density ol dislocation in the 
quenched sjieeimeii or some peculiarity of the dislocation. But since the nature 
of the dislocation in this alloy is not known no definite conclusions can be draivn. 

The small amount of cold working during the liandling of the spei'imen tori*, 
off some, of the dislocations from then* tightly hound (ionfiguration and made 
them free. 'J’hese freed dislocations execute oscillatory motion under the applied 
alternating stress producing high damping. On standing the vacancies again 
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move to the flislocatioji and pin them thereby decreasing the internal friction. 
It IS well known (Mott, 1952) that the stress required to pull a dislocation line 
lice of a low of ]jjnning points iin.reases iMth inci’casing numbcj' of pinning poinfs 
per unit length of the dislocation line. ThiiSj with regards f.o the handling effects 
w'e conclude that the larger sensitivity of the furnace cooled sample to handling 
ma}^ be I’clatcd to the fact that this sample has the greatest seqiaration between 
th(* pinning points along the dislocation line. Also it may be due to the circums- 
t.uice, 1 hat the pinning ]joinf.H m furnace cooled sample are mostly single vacancies 
wheii'as in a water quenched alloy they are clustei of vacancies The aljove 
coiicluision also accounts for the ra])id deeay of the handling effects in the tiniiaei' 
eooh‘d alloy because a. single vacaney highly mobile in f lie latiee. If- may also 
be tlial file (|U('ncbing stresses also [ilay some pait in redueing handling etfeef' 
jn tJie quenched sjjecnnen, 

Nh)w m the iiiesenf nieasin mmmf we lind that flu' (himiiing is composed of 
f w o pai Is, M'., 


A-A,-iA,. (1) 

where A is (be total damping, A, is the amplitmh' independeiif damping and 
A;y IS the amplitu(h‘ (hqiendent daiujiing Aei.ording fo Oianato and laieke 
(19511), all 1h(' amplitude dependent data can b(‘ exjnessed in the, form 

A// ext) ^(Lle^,) ... '(2) 

wMu'.re is th(* sh(‘ai‘ strain and (.\ and (\ are constant foi a given metal. Tliere- 
foj'c, it the (‘xpi'i’i mental data are plotted m th(5 form 

log(r.yAyy) against 1/c^, 

a straight' line ])lot would be obt.ained. The slope ot the lim* is given by 


where <.' is the (loitrell luistlt pai amelei , i.e., the Fractional diffiTeneo in tlui sizes 
of the solute (impurity) and solvent atoms, \i is the lat-tice constant, K is a factor 
deiiending on the orientation and anisotropy of tlie specimen and is the eliarae,- 
teristic impurity pinned dislocation length. That this is true has been shoAvn 
by a number of ineasin cmeiits (Niblett and Wilks, 19(11)) 

(Iraiiato and Lucke jilots have been drawn heie for the watei quenched speci- 
men by taking tin*, amplit-ude independent, backgioujid for the dat a for wdiich 
.u e given in Taliie 11. J^^ig. 2 shows (hat. the ])lots are straight- lines and also that 
the line falls a]ipi'eciably on standing at 





84 


Mit. Abdul Quader 

room teiuperat.iirc (cuivo B after 5 day^, ;hough the uhange in slope of the line 
IS very small (eomparc em ve A and B). The fall of the lilies may be attributed 
(o Mic luvvtning of the doiiyjty of fVeed (iislocatioii brouglit aboul by the migration 
of fhi* vaoam^ies baok to the dislocation. However, th(‘ (;haiige in i.c., is 
negligibly sjuall. -bhom relation (3) wc may calculate the distance between 
attached vacancies along a dislocation line. ITsing the volume of vacancy as 77% 
of that of atoms (Borelius, 1958) and Granato and Locke value of .02 for K and 
a - 4. 1 524 A, we obtain a value of about cm (L, - 2.2 X lO"" cm) lor 
Uid'ortuiiately no other values of are avadable for comparison. 

The lines 0, and D of Fig. 2 correspond to 72 and J20"’G respectively. The 
internal fi iction at 12(FTJ is influenced by the contribution due to grain boundary 
sli]). The slo])!' of the line U is lower than those of tlie otlier lines indicating 
an inci'ease of‘ Lc ft has been observed that the slopes of the (franato and Luckc 
plot decreases wdtfi the increase of the temperature of measurements (Chambers^ 
1957) because of the small numbei* of impurity atoms attached to the dislocatioir^ 
at. higher temperature (Cottrell, 1953). Thus the lower slojie at 120^^0 is justilied. 
But it is evident from curval C that the sloi»e of the line increased instc'ad of 
flecreasing at 72‘'C which indicates a decrease in due to more pinning. Tins 
may be due to the migration ol excess vacancies, still retained in Lhe Utlice, to 
the dislocation causing further pinning. This anomalous behaviour is due to llie 
iion-cquilibriuin state of vacancy concentration in the lattice at lower tempcratuie. 

A (MC ’N 0 NV L K 1) (} M K N T 

The author is indebted to Prof. B. N. iSnvastava. I). Se.. F.N.I.. lor suggest- 
ing llie work and for hcljdul discussions. 
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THE EMISSION BAND SPECTRA OF SbF AND BiF 

T. A. PRASADA R,AO and P. TIRUVJ5NGANNA RAO 

SpEOTRosf'o-pjn Ijatioratohikh, Depaiitment of Phyrk’S. Andhra 
UNTVK nHlTY. Wat.TATR 

( November 13. 1 9C I ) 

I’late IJ & ITA 

ABSTRACT. Th.^ band apoctra ol SbF and HiF havo I)immi rxcitcfl in oiniMHion in hipli 
froqiionoy di.sohatf^^• fimn a oOO Wall osoillalcn- A now syHlnii of bands of SbF in tho titira- 
vioI(‘li ro(;»ion M1140 — xJlIMd A, doHipnafod as Jl, was ohbainiMl and analyHoil Tbo anulysps 
sliowH that tho lower state is coinnion to tho lower state of A.,, (!.j and f'., systems, and 
IS Hiiiri^eHted as the ^rmund state of the SbF moleeule. The ultravjoJel ayst(‘in o| PiF was 
photo^i'U])Ued imdor hi^h dispt'i’Hion and shown to eonsi.i^t of tin on seijarat e systcMiiH (' 7 , 
and FI 3 or thoHi' the' and O 3 syslians con«i.Ht of sinjfle hoaderl bands while the sysl.ein 
ecnisi.sts of double heads. Vibrational (|nantuni lorniulao were derived for all tlie tbvei' sys- 
t nns 1 1 iH suggested that the gioiind state of the IhF inoh'cule is a 0-t .slate and that the 
viHihh' bund system of BiF arises from a O t- - 0 + liansition, from llie observed rotational 
h( rue Lure of Konii‘ of the haiids photogi njihed in tbc‘ 2nd order of a 21 ft . eoiienve giuting sjiee- 
trograiib The obseivc'd elfctronie states ol SbF and JbF are iliseussed in 1 elation to those 
expeel ed from eli'otron eonfig unit ion. 

I N T H 0 1) U r T I O N 

The (‘haratiierislie oiiiiH.sion SBectnini of S])F mjis obtained indeiicndently 
by Ivoehcster (19117) and Ity Howell and Rochester (1930). Aecordinp to these 
juithovs, the speetniin of SbK consisty of three .systems ol bands designated as 
J and A.^ in tlie vi.silile region A34()0- A5200A. These systems wore regarded 
as belonging to a triplet system \\ithnne((nal split tings of 3919 cm ^ to 2195 cni"^ 
[t ('onld not be definitely c.sUiblishcd whether th(*se inultiplet splittings belong to 
the upper or lower state or both. Tn addition to these three sy.stenis, Howell 
and Rochester reported the analysis of another triplet system (iSyslein C) with 
one component, lying 111 the region A2ti00— A27()0A and the other two in the region 
A22()0— A2430A. The final state iias suggested as arising from a “II state 
common tti lioth triplet systems. However, the mulfciplet separations of the 
states and the nature of their electronic levels are not definitely known. 

Tn the spectrum of BiF. only one hand system (System A) in the visible 
region was reported and analysed by Howell (1936) in emission in high Ircquency 
discharge and by Morgan (1936) in absorption. A weaker system on the violet 
side was rejiorted by Morgan as oeeurring in absorption, though \\6 analysis 
was given. Rochester (1937) reported a weak triplet system (System T) in the 
ultraviolet (A3250-A2250A) with approximate values of w/ = 620 cm”\ 
w/' = 520 enr^ based on the measurements on low dispersion plates. 
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Tlio jiioHPnt iiivostigationH on the emission speotra of 8bF and BiF were 
Hlari.cfl wilh the oljiecl ol paining more information on the nature and properties 
ol tJie ground stal.(‘ and excited states of these tAvo nioleculeH, The results of a 
nev study of tlie emission spoetia of these nioleeules are reported in this paper. 

K X I* K R I i\f E N T A L 


The specitra of NbF and BiF wwe exiiited in a lugh f]equen(;y disidiarge from 
a .oOO AVatt oscillator Avorking at a frecjiieney of 30 to 40 Mc/sec. ISpeepnre samples 
of iSbF;, and BiF- were used in the excitation of ihose sj)eetTa. Tn obtaining the 
BiF spectrum, external heating of the substance was found necessary to maintain 
a charaeteristic liluiah dischai ge. In the visilile region, spectra n^oro pliotographed 
using a Ililger three prism glass Littrow specTrogi aph and in the second order 
of a 21 ft., concave grating sjiectrograph (1.25 A/mm). Jii the nltraviolct regiop, 
spec.tra taken using a Kilgei medium ipiartz and a Hilger quartz lAttrokv 
spectrographs. In both oases, Agfa Isopan .super .special employed by iis, consi- 
derably minimiserl the times of exjiosure (2 miii to 30 min.) The band hoad\< 
wt‘re measured against non aie standard lines taken from MIT tables. 




\ 


E J’. .S U I, T S A N 1) A N A L V S I S 


The i^pevirnm. of HhF 

The Hjieetriim of SbF excited in high freipieiicy discliarge from a 500 AVatt 
oscillator, reveals the existence ol the three .systems in the visible (A3400-A52()()A) 
.-Ip /1 2 , A.^ reported earlier by B,oehe.ster and J lowed. In the ultraviolet the (J 
system in the region A2200-A2700A is lound t.o e()nsi,st of three separate sy.stenis 
(\, (\, (!.y Tn addition to the above systems, a new system of bands, here desig- 
nated as 7?, is obtained in the ultraviolet region A3140— A3340 A. This system, 
consisting of bands degraded to .shorter wavelengths, is rexn'oduced in Fig. 1(a), 
Plate Tl. The analysis of the .system i.s simple and straightforward. The mo.st 
intense band at v3 1 142.6 is easily identilied as the (0,0) band. On the low fre- 
(jueney side the members of the An — ^ I and Au— — 2 ,se(|uenees are oa.silv 
identified. In the weaker A'y = +1 sequence only the, (1, 0) hand is identified. 
The data and olassilicatioiis of the some of the strong heads are given in Tal)]e 1 . 
The 7^ heads could he represented by the following qiiantum formula 

V 31096.S f 707.1(1/ I l/2)-7 70(i;' + l/2)2 
-612 7(i/'dl/2)+2.03(i/' I l/2)‘‘' 

The vibrational trequcncy of the loAvcr state of the system (to/' — 612.7 cm-’) 
agrees closely with the lov'ei state of the anid A., systems (612,6 cm 'i). 

The spectrum of BiF 

In the visible region the spectrum of BiF reveals the existence of only one 
system (system A) in the region A4200~A5100 A reported earlier by Howell (1936) 
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TAB1.M J 

A now B—Xi Kyaioin of SbF 


WavcloiiKtih 

A 

Wavonuiubnr 

oni-A 

Tnh'nsiiy 

.\,ssigiimrnlR 
(v; v") 

71 

20034 . 1 

4 

0,2 

3320.4,5 

.30026.4 

4 

1,» 

3274.24 

30.5.32.7 

8 

0.1 

3264 40 

30623 0 

6 

1,2 

32.76 11 

30702.7 

2 

2,3 

3210 11 

31 142 6 

10 

0,0 

3201 37 

31227 6 

6 

+1 

3140 i5(l 

3IH32 0 

3 

1,0 


and Morgan (I93(j) The ultraviolci bands of BiF degraded to , shorter wave- 
lengths. WTi’o previouslv attributed to a triplet system (System 0) by Roohester 
(1937) Avith approximate valuc.s of — 620 enr^, t.)",, — 520 cm ^ HoAvever, 
the analysis of this triplet sysiem by Rochester was based on plates taken in the 
low disi)ersion of Hilger small quartz si)ectrogT*a])h. We have photographed the 
idtraviolet bands of BiF in the high dispei'sion of a Hdger large quartz Littrow 
spectrograph. Aocoi'ding to our analysis based on high dispersion plates, tlio 
iiltj’aviolet bands of BiF could bo classified as bfdonging to three separate systems 
designated as (\, (\,, (\. The bands of the system in the region A3045— A3270 A 
appear single headed and are reproduced in Fig. ’l(b), Plate 11. The analysis of 
the syst em is gi-catly facilitated by the identification of the strong band at v32l7S.7 
as (0,0) The data and clas.sifieations of the P heads arc given in Table 2. The 
P heads could be represented by the following quantum foimula. 

V --- 32139.0 + 614 4(e'4 I/:^) 2.24(?/ ] l/2)2--535.0(r" + l/2)+2 20(r"H i/2)“ 

The loAA er state vibrational frequency — 535.0 cm”* of this system differs 
considt ‘1 ably from that of the ground state of the visible system of BiF obtained 
by Morgan in absoi-ption and b}" Houell in emission. 

The ultraviolet bands of BiF in the region A2600~/\270 oA aie reproduced 
in the Fig, 1(c), Plate II. Kome of the strdng bands appear double headed 
(-.onsisting of P and Q heads. The (0, 0), (0, 1) and (0, 2) and (1, 0) bands are 
easily identified, in the Aveak (I, 0) band only the Q head is identified. The data 
and classifications of the band hehds are given in Table 2. The Q heads could be 
represented by the folloAA'ing quantum formula. 


V 36943.4+61 1.8(?/Ha/2)-642.7(v''+l/2)+2.48(i/'+ 1/2)= 
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TABLE IT 

'J'he iiJti'avir^let. systoms of BiE 


WuvrU'iipftli 

A 

Wavoniiinlior 

oin-j 

Iiitoimily 

Assignjnt^iii 
(v% v^) 


The r,— 

-Xa 


3207. ri4 

30505 3 

2 

0.3 

3257 40 

30080 7 

1 

1,4 

3212. n 

31120 2 

5 

0,2 

3203 

31207 1 

3 

1.3 

3104 42 

31205 0 

1 

2,4 

3158 03 

31047.2 

8 

0,1 

3150 00 

31720 0 

6 

L2 

3100 75 

32178 7 

10 

0,0 

3000 17 

32257 4 

5 

1,1 

3040. 10 

32787,1 

3 

1,0 

3042 00 

32802 0 

1 

2. 1 


OOio i\ — 

Xj Sysifiii 


2827 07 

35301 .0 

1 

0,3 P 

2825 07 

35370 4 

3 

0,3 Q 

2818 04 

35407 . 7 

2 

1,4 Q 

27S5 47 

35800 0 

3 

0,2 P 

2784 08 

35007 , 0 

5 

0,2 Q 

2777 00 

35000 5 

4 

1,3 Q 

2744.70 

30422 3 

0 

0,1 P 

2743 30 

30440 8 

S 

0,1 Q 

2737 41 

365 1 0 . 0 

7 

1.2 Q 

2704.87 

30050 4 

8 

(),(» P 

2703 47 

3607 K. 5 

10 

0.0 Q 

2008 05 

37052 8 

5 

1,1 Q 

2650 40 

37590 . 5 

7 

LO Q 
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TABLli) II — coiUd 


Wavolungth 

A 

Wavonuiiihm* 

curl 

Intennily 

AisSiglUlinul 
(v\ v'') 


Tlui Ca 

-Xi SyHteni 



41776. 

2 

0,5 


41900 

1 

b« 

23tiri.:i2 

4220,5 

4 

0,4 

23, 'IS. (‘.9 

42383 

2 

1 ,.5 

2.3:17.89 

427(10 

7 

0,3 

2331.59 

42879 

5 

1.4 

2;U() 92 

43200 

10 

0,2 

2;i()4.Hr) 

43:172 

5 

1,3 

2284 39 

43702 

8 

0,1 

2258. 19 

44209 

0 

0,0 


The ultraviolet banda of BiF in the region A225()— A24()0A shown in the 
Fig. l((l), Plate 11 are assigned to a separate system designated as C.^, The analysis 
of this system was easily (sarried out by the identification of a long v"{v' — 0) 
progression. The d^(r\v) intervals of this systeni agree well with the correspond- 
ing A(t"{v) intervals of the ground state of tlie visible system A. Thus, the lower 
state is identified as the ground state of the BiF molecule. The data and the 
classifications of the P heads are given in 1’able 2, The following quantum 
foj’iiiula represents the P heads. 

V -= 44217+fil2.9('e' + l/:i)“510.8('t;''+l/2)+3.8U(vM-l/2)‘^ 

K L E 0 T R, 0 N 1 C S T A T E S A D E L E C T R 0 N 
CONFIGURATIONS O F SbF AND RiF 


SbF. 

On the basis of the vibrational analyses of the various band systems of SbF 
known so far Ave can identify Ias o low-lying states and X.^ with vibrational 
frequencies of (312.6 cm“^ and 6i6.9cm“^ respectively. The separation of these 
two levels is however not experimentally known. Fig. 3 gives the scheme of 
transitions responsible for the various band systems in SbF. The vibrational 
frequencies of the various excited states Ap *4;, etc. are given on the right 
hand side. Tlie lower state eotmnon to A.,t /I, ^ ^V^teuis is identified 

as the grouiul state {X^) of the SbF molecule. As the separation between X^ 
and X.^ is not exactly known, the heights of and C\ levels above A\ arc not 
kiiovn. Hence the X^^ Ai and 6j levels are repiesentcd by broken lines. 
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The molecule SbF is isoelec tronie wiih TeO. It was suggested earlier by 
Haranath, llao and (Sivarajnamurty (19r»9)*that the ground state of TeO is a 
state arising from the configuiation 


...(.m)- (uot)* (w)^— 1S+, ^A, 


... ( 1 ) 


cm 

4SOOO| 


tg- 

ca- 


SbF 


700.0 

690.8 


707. 1 

412.0(3^) 

420.0(3|) 

4l|.3(li) 


Xj- 

612-6(35) Xj- 


BiF 


3. Kncijfy l(‘v<'lh oJ SI)V and 


cm 

6I2.9 


381.0,0 (3 ’ 


542.7,0 (13^) 
535.0,2(1^) 
S|0.7,0*C33-) 


By analogy with TeO the ground state -Xi.of A'liK iiiav be itleiiiilied as a stale 
arisijig from conligui aiioii (1). The state X.^ may be tentatively identified as a 
* S state ai’ising from fche same configuration. As in TeO, the first excited electron 
conligm ation in SbJi' jnay be written as 


..{x(rY {wnY ^A, ’’S™, ^Ajl 


... (li) 




A new B 
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PLATE II 



OibandofAz -"Xi system of SbF a 21 ft conca\e grating sped ■-ogram 
2) band of A — Xi system of BiF 21 ft conca\e grating spedrogram 
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The levels and A^ wilh vibrational frequencies of 411.3 cm“\ 420.0 cm~^ 

and 4120 eni"^ juay all be attributed to this configuration ^ The reduction in 
the vilu'ational frequency of each ol these states relative to the ground state 
is in harmony with tlic fact that in this configuration an electron goes from a 
bonding wtt orbital to the corresponding antibonding vtt orbital. By analogy 
with TcO and O 2 , the A.^ and A.^ levels may be identified with ' and states 
l espeotivcly. The system arising from is the analogue of the 

A—X systems of 0^ and TeO arising from the forbidden transition 
The A I level may be correlated with the .state belonging to the same 
configuration. 

In Fig. 2(a), Plato II A is shown the rotational structure of the (2, 0) band of 
the A.^~-X^ system of SbF photographed in the second order of a 21 fl.eoneavc 
gi ating spectrograjih. 8ome of the high rotational lincis are seen to be split uj) 
into three close components due to spin splitting. Thi.s confirms the view that 
the /Ig— system ari.ses really from two states. All the excited states If, 
('j, aiul show' an increase in the vibrational frequency relative to the ground 
state. They can be attributed to the configurations of the type 

< ns(r—^U, ^Ilr 

(3) 

up(T—^n, ^Ilf 

ill w'hieli an electron goes from a antibonding vn orbital to a non-bonding user 
or orbital of the Jlydberg type resulting in an increase in the vibrational 
frequency of the.so states relative to the ground state as observed. 

BiF 

Fig. 3 also gives the observed electronic .slate.s and the scheme of transitions 
in BiF. The level Xj is identified as the ground state of the BiF molecule as 
the system A- X^ was obtained by Morgan (1936) in absoiption. The levels 
Xi, ^ 2 , Xa may be attributed to “S", ^A, ^21+ states of the ground state 
configuration 

. . ,{xcr)^ (wn)^ (vtt)*— ^A, (4) 

The A~~X^ system in BiF is thus attributed to ®S". Since large multiplct 
splittings are known in the ground and low' excited states of the neutral Bi atom, 
Ave may expect, as in Bill, a transition from UumVs case h to HumPs casec. System 
A — Xj may then arise from 0+(®S“ )— 0+(^L“) in liund’s easee. The rotational 
structure of the (0, 2) band of the A — X^ system reproduced in Fig. 2(b), Plate 
II A actually reveals the existence of only two branches R and P which do not show' 
any sign of doubling even at high J values. Thus tJie A— visible band system 
of BiF appears to arise from a O'* —0^ case 0 transition which gives rise to a struc- 
ture similar to a transition. A detailed rotational analyses of the (1,0), 

(0, 0), (0, 1), (0, 2) and (0, 3) bands of this system is now in progress. 
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TJie f.'j and (J.^ syfiteiny eoiisistmfir single headed haudn may arise from 
transitioiiH in wJiicJi Aa ~ 0 in Hi *.^ .*uaBe c. The (' g eonsirtting 

ol double headed bands arises from a ease (1 transition in wliich Aii — ±1. TJie 
eomplexity of levels C'j, C'g and arc the ease (* equivalent states of configura- 
tions of the tyjie il. 
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A TRIPLE COINCIDENCE PROTON SCINTILLATION 
SPECTROMETER 

R. K. MOHESDIU anb H. S. HANS 

Department or Physics, Musetm Univeiisity, AiiIgarh 
{lUc.nvcd Juno tt, 1961) 

ABSTRACT. An apparaiiis ih describod for studying the energy and angular distri- 
l)UtK)n of protons in roaetions x>i’oduoed by 14.8 MoV neutrons. Various coincidence, 
anticoincidence, and blockmg circintR used for defining the particles are described. The 
background of the speclA-oinetor is voiy low. The whole instrument has been tested thoroughly 
with 5.3 MoV aljihas from Po-io and 14.8 MeV recoil protons from a thin polythene radiator. 
The onorgy siioctruni of pioIfOiis from aluiniiiiiim along with the hackgroimd is also given. 

I N T K 0 D U C T 3 O N 

The direct detection of tlic products of nuclear reactions by fast nouti'ons 
is quite complicated because of the large background. It becomes still more 
difficult if one lias to distinguish between alphas, douterons and protons emitted 
from the same reaction. Generally, for such purposes, several detectors are con- 
uecled in coinculeiico and anticoincidence to select particles of the requhed type 
and energy. 

A proton spccti’omoter has been designed to measure the energy and angular 
distribution of protons from (u, p) reactions using 14.8 MeV neutrons as the inci- 
dent iiarticles (Khurana and Hans, I9f>8). The spectrometer is similiar to the one 
used by various authors (Colli and Facchitii, 1950; Eubank, Pock and Hassler, 
1958; Marcazzaii, 8oiia and Pignanelli, 1968) for a similar purpose. The various 
details of the spectrometer along with its performance are given bleoAv. 

]JJi:8flIlIPTION OK THE SPECTHOMETEB 

The outlines of the Spectrometer are shown in Fig. 1 . Essentially it consists 
of two jiroportional counters Cg and Cg in coincidence with CSI (Tl) scintillation 
counter. The target under* study is kept in front of the proportional counter C^. 
Anothei* proportional counter Cj is used as an anticoincidence counter to stop 
any charged particles produced from the top from being counted. Countei's 
Cl, Og and C,, only define the particles while CSI(Tl) scintillation counter measures 
the spectrum of protons from the target T. 

Proportional Counter Telescope : 

The aim of the proportional counter telescope is to discriminate the protons 


9 ? 
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Iroiii tlu' arifl tlu».si* jn'otlueod from tlic walls. The proportional counter 

tolcHi-opc along with the pliotomultiplior is shown in Fig. 1(a). It consists of a 
(Minirnori brass chamber which forms the cathodes of the three counters and is 
ftllerl with a mixture of Argon and OOg at 10 cm. Hg pressure in the ratio 9.1, 
TJie walls and the toj) of tlie (diambcr are lined with about 0.013 " thicjk pure gold 



Kig. I. Tiio block diagram of iho spoctromotor, 

1 (a) Projiortioiiul (’ounicr UdcHC0])0 nlong witli phot-omultiplior asHOiubly. 

(') Auticoincidcnco counl-or. 

C'^, r.j foiiicidcnco count ors , (•* -OST (Tl) crynlnl 
() -O-ring hcnlH ; CJ — glass to motul .seals, 

W- -wheel for ilie I argets ; g — ^])ow Corning 200 iSilicoiu^ grease 
'^F- -t. argot iiiidf'r study; 1 gas input 
1 (b) T31onk-diagram of olectronic cireuitry 


to reduce the background. The counters and are of the same dimen,sion.s, 
with their anodes 1 .5 cm long made of 6 mil tungsten wire, while the diameter of 
tlie cathode is 7 cms. The counter Oj is an anticoincidence counter to chetsk 
the protons produced from the top of the chamber, while the counters Cg and 
are put in coincidem;© The cathode of is 6 cm long and 3 (sm in diameter, 
whde the anode is 5 cm long made of 6 mil tungsten wire. The central wires in 
the three proportional counters are fixed to the central tungsten rods of the gla.ss 
to metal .seals, A\hich are in turn soldered to the walls of the chamber. Glass 
beads are fixerl to the two ends of the central wire,s to avoid sparking. 

The wdieel W carries four targets ancl can be rotated from outside the oJiamber 
without disturbing the vacuum. Thus, one can place any one of the four targets 
between counters Cj and Cg for study . The targets are fixed on the thin tungsten 
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wire loops. One loop is lefl free to take the backj^roiiiifl .spoctT‘ii7ii . The rlianiber 
is made vacuum tight from the crystal end by using an 0-i'ing as shown in the 
fliagram. A thin layer of pure Al (^0.05 mg/em^) is deposited on 08I(T1 ) (uy.stal 
by the evaporation process (Strong John). This screens the (jrystal from the 
photons prodmjod by Townsend avalanches inside the counters anti it also im- 
proves the light collection efficiency. A 6292 DuMont photomultipliei’ is coupled 
to the crystal in a usual mannej* using Dow Corning 200 grease. The photo- 
multiplier along with the cathode follower is made inetdianically rigid with the 
proportional counter assembly. This whole system is pivoted on a calibrated 
scale with the axis of rotation passing through the target. 

The working of the three proportional counters was tested with o.ll Mev 
aljihas from 


JO L JO C! T ]l () NT T (J C T K d V I J’ Ji Y 

The block diagram of t he clecdronio circuitry used is shown in Pig. lb. Essen- 
tially the circuitry consists of an arrangement by which the spectrum of pulses 
fi'om the scintillation counter (^4 in coincidence with pulses from C2 and 

in anticoincidence with pulses from CI4, is disyilaycd on a twenty channel pulse 
height analyser. The pulses from the proportional counters C.^ and (^3 are ampli- 
fied by preamplifiers PFjj and PF^ (Baird Atomic model 219) and Imcar amplifier 
discriminator units Ag and A^ (Bell and Jordon, 1947). The discriminator output 
of Ag is fed directly to one input of slow coincidence circuit C hoc.), while 

the discriminator output of A3 is fed to second input through the blocking circuit 
B. The output of this coincidence unit is yniti in anticoincidence with the pulses 
from 0, so that only those coincidence pulses from C. which are not cancelled 
by pulse.s from C,, are able to pass the anticoincidence unit A, These piilse.s 111 
turn trigger a gate pulse of 2/^ sec. duration, which acts as one of the coin- 
cidence jmlscs in the 21) channel pulse height analyser, the other pulse licing pro- 
vided by the scintillation counter C4, whose pulse lieight spectrum is to be studied. 
The pulses from scintillation counter C4 arc fed to 20 channel P.H. A. through 
a cathode follower followed by a Non-overloading Linear Amplifier (Baird- Atomic 
model 215). The overall resolution of the coincidence circuit in 20 channel P.H. A 
(Eldorado Electronics) is about 6 //. sec, though, for each channel, resolution is 
250/^ sec, licing limited by the slowness of the scaling units. 

The properties and general de-scription of the coincidence, anticoincidence 
and blocking circuits are given beloAv. 

1. (kmicid'ence Unit . 

Ill this unit, thi^ tw'o input pulses are first shaped by the cathode coupled 
nnivibrators (using 6J6 tubes). The output of these umvibrators, which are of 
the order oi‘ 0.5/t sec duration and 6 volts amplitude are fed to the two inputs 
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of i.lio OBNfi ooiiioiclonce Inbo (Fifsohor and Marshal, 1952). The oveiall resole 
tioii of the circuit is lyM- soc. 

2, A'iUtcriiDcidevce IJ'nli i 

Tlic counting pulso is first made to trigger a cAthode coupled uiiivibrator 
giWng an output pulse of 2//sec. duration and 20 volts amplitude. The cancelling 
pulsi', on the otlicr hand, tiiggers another univilirator of a similar type giving an 
output i)ulso of 4// SCO. duration and 25 volts amplitude. The see. pulse from 
tlie univibratoi' is differentiated liy a suitable HO riremi. The differentiated pulse 
is fed to one grid of aiitictimcidcne.c tube 0SN7, through a diode discriminator, 
which only allov s the negative imlses The positive 4// sec. pulse is fed to the other 
grid . This ensures that the counting pulse falls nearly in the middle of the Cancell- 
ing pidse eiiisurmg the tioinplete cancellation In tliis way, thorci is always coiu-l 
plete caiicellation, foi- all tJie settings of the discriminator liiasos of A^, Ao and Aa.\ 
Th(' detailed diagram of the. antieoineideiice unit is shovn in Fig. 2. The' 
counting pulse falling within sec. of the cancelling pulse is not counted. 



-Fig 2. An(i(‘ouiculenr*i' c-ircuit 


3. Blocking Circuit : 

It essentially consists of two schniiit type discriminators (Flmore and Sands) 
and an anticoincidence circuit. The imlsc.s fiom the amplifier are fed to the two 
discriminators, one with a lower bias and the other vith a higher bias. The output 
of these discriniinatoj s is fed to the anticoincidence circuit as shown in Fig. 3. 
I he anticoincidence unit passes the pulses from low bias discriminator only if the 
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pulses from the other disoriniinator arc not present. The anticoinoidenee circuit 
is the same as described above. 

I‘ E H K O K M A N 0 J5 

The spectrometer has been tested with .5.1^ MeV alphas from and 14 8 
MeV recoil protons obtained by bombarding a polythene target with neutrons. 
For alphas, apeak v'as obtained jn the spectrum ol' pulses from CiSI(Tl) counter 
C4 in coincidence with pulses from 0^ and O3. iSimilarJy, when a thin polythoin^ 



T'ig. Block diagram o! llio block! ag circuit 
target (111 M mg/cm''^) of 1.5 cin diameter was bombarded with 14.8 MeV neutrons, 
a sliarp peak was obtained in the si)ectrum of pulses from CST(TJ) (;ounter in 



t’jg 4. Energy Bjioot.runi of rocoil protons from polythoiio target (13.8 nig/uin- and I .C cm 
dJiimotor, diatmico lU cm from neutron source) .il'toi’ subtracting tho bacligrouuri . 
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coinoitleijoe, with tJie pulses from O 3 and C 3 , and in anticoincidence Avith pulses 
from C\. The approprial-e biases were used lor accepting the pulses from these 
three pi-oportional counters. The peak ol)tained under these working conditions 
js shown 111 Fig, 4. The distanee between the polythene target and neutron 
source Avas kept ahout JO euis. The re, solution of the jicak under these conditions 
i,s 12%. The protons under this peak arc sufficiently mono-energetic for the cali- 
bration of the entire energy scale, as CSJ(Tl) crystal exhibits linear response up 
to 18 MeV proton energy (Bashkin, Oarl.son, Douglas and Jocobs, 1958). 

The selection of the biases for the pulses from proportional counters Cg ami 
C;j Avas made careiully so that no pulses Avere lost bi^cause ol the high bias. In 
this connection one should note that the pulse heights due to 14.8 IVIeV^ lirotons in 
the pi o])oj‘tif)nal counters Avill be tin* smallest, and the biases allowing these jmlscs 
to be registered, are good enough foi other lower energ}' protons. First of alh 
quite low biases A^^ere selected in an ad hoc manner for the two counters so that- tlit^ 



Bnoi'gy of ijrolons 

g. 6. Curve I. Background fljioctruiii 

11. The energy Hpectruin of A1 largei (18.4 jiig/ciu-, 3 cm diaiiietor, distance 
10 cm from neution souieo) aftor aubtiucting background. 


111. Curve J 1 JH plot ol log m the cabo ol At voihus ouoigy. Tlio slopo 

of llio oxpei’iiiujnial poiiitH coni>.sponilh to a nueloar “tompcraiuio” of 
T.= 1.G MoV, for tho residual nucleus Mg-'^. 
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main noise pulses were cheeked; and the peak in pulses Ironi CSI(Tl) was obtained. 
This was repeated at half the previous gain of the amplifiers of the tAvo cH)uniers 
and C 3 . The shape ar\d the area under the peak remained same for this low gain, 
show'ing that in the previous case, biases were well below the required value. 
However, ivhen the peak was redrawn at 1/4 of the original value of the gain, the 
area under the peak liecame less. The experiment was done at the highest gain 
of the amplifiers. 

In the blocking circuit B used for pulses from (> 3 , lower bias was selected as 
discussed above, while the higher bias was adjusted in a manner discussed at the 
end. The bacskground spectrum, using only a ring of tungsten wire without any- 
thing mounted on that, is shown by curve I. Fig. o. It may be mentioned that 
before using gold lining, the back-ground was about five times the present liach- 
ground. The contribution of chance coincidences to the background above 4 
MeV spectrum is negligible. 

Also, a spectrum was obtained by using tliin aluminium (1S.4 mg/cm®) of 
cm diameter as the target. The spectrum of pulses is shown liy curve II, Fig 5. 
'fhe nuclear temperature obtained for this case is I.O MeV from curve HI. Fig, 5. 
which is in agreement with others. (Storey etal,. 19b0), 

V 0 N T p 1 n XT T J 0 N O F 1) K U T E K O K AND A J. P tT A S 

A detailed analysis was made of the response mirves of protons, dcuterons 
and alphas in CSr(Tl ) crystal (Bashkin, Carlson, Douglas and Joe obs, 1958) and the 
bcliaviour of atomn; stojipiug cross-scclions fortheseiiarticles inargonas a function 
of energy (Whaling \Var(l, 1958). Tins analysis alongwiih our calibration ofCSr(TI) 
cr ystal and (\, countei an itlr 5.3 MeV alphas from Po^^“. could be used foi‘ determin- 
ing the A^alue.s of tlic higlu'r biases in the blocking circuit for checking the pulses of 
various energy deuterons and alphas. H amis found from such an analysis that, 
a suitable higher bias can be found to block the alphas completely in the range ol‘ 
0-14 MeV. This bias Avill also block jirotons beloAN’ a certain Ioav energy and u ill 
let in deuterons abovi* a certain energy (~8McV). By adjusting the value of this 
bias, the lower limit of the admissible proton spectrum as Avell as the deuteron 
contamination may be changed. The spectrum taken AMth various higher biases 
may even alloAv us to estimate the amount of the deuteron contamination in tin* 
proton sjiecti’uin and may help us in obtaining the pure prottm siiectriim. 
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ON THE VALIDITY OF THE REVISED ROTATIONAL 
CONSTANTS OF a(C-^ X) BAND SYSTEM OF ZrO 

N. SR,EET)HAr!.A MURTHY* 

DlCrA riTATENT OF PlTYNH 'H, KaTINATV^ iTNIVICnKlTV, DuAJUVAH 
(HficeivpfJ Decemhi'f '2, I9(il) 

AllSTRAnT Confirmniorv ioHt lins boon inndo on ibo viilidily of tlio rotoiional coriK- 
1 unis of « (H— vX) Hynlom of Zi'O iijivon by LagortjviKl, IThlov and linrrow, fioni Ibo tboory 
mvolvnnp: Mio intoriHity iispoolH. Tho unloiuibibtv of tlio old ('oriHtaiilK of Lowatoj' has boon 
shown. 


I N T B 0 I) XT 0 T T 0 N 

Altfioupfli iiniounf of work has h^en Ht/imulated on tho band spocdnini 
of ZrO, (jn aocoiiiit of ifs astrophysjoal status (Balnjook, lf)34, Bobrovnikofl, 

Davis, l{)4-7), all evidoiioe has not been brought to boar on the preference for one 
or the other of the two sets of values available for the interniiclear (listaneoH (fg) 
for fhe and X states of the molecule The following values are cited fiom the 
earlier literature * 

TiOwater's data (1935) as given by Herzberg (1050) , 

)■„' =. 1 ..i2()A c," ^ 1 .41(i.V Ar, - -c," =- 0.1 lOA 

Tanaka and Horie (1941) have eonfirined the above r/ value from their own rota- 
tional analysis of the /(/I— ►X) systein of ZrO. Herzberg (1950) had, however, 
cxjiressed doubt about the accuracy of these rotational constants on the ground 
that one should not expect such low values of ig for a heavier molecule like ZrO. 
These values are even smaller than the well-established values of TiO, the pre- 
ceding molecule in the group, by 0 2A. Woiking on tins elne. Lagerqvist, Uhler 
and Barrow (1954) undertook fresh analysis of the hanrl system and found the 
values as folhnvs • 

r/ - 1.775 A , r," ^ I.72K A : Ar« =- 0.047 A 

While justifying these values they state that the ground state value r/ obtained 
by them fit,s utII 'with that for TiO, whereas Lowater’s value is incompatible 
Avith it. 3'hey jiiention that Lowater may have picked out the braiU'hes v rongly 
and express doubts about the correctness of the analysis With the ncu’ values 

* On leave of absoneo from tho Oentral Oollogo, Bangalore. 
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of r/ by LagoKivisl p7 ftl tlu' situiitiun between TiO and ZrO in inoi-e 

in ai corcl with tlie cxpeeted picture asl from fclie numerical figures given below. 

/tO . 7/'=I.41fiA ^Lowater) 

t'g" _= 1. 728 A (Ijagerqvist ft/ (U) 

TiO (Christy, 1029) 

Lagerqvist el al have analysed only the (0, 0) band anti (.hey have not derived the 
experimental value of They have estimated it from the expression of Pekeris 
( 10;U). and hence their B,, and r, values are not baser! on experimental data, but are 
merely appioxiinate figures In view of this position, a furtlior confirmatory 
test was thought desirable, ft has been undertaken here from the intensity 
aspects on the lines given by Tawde and Sreedhara Murthy (1057) and Sreedhara 
Murthy (lOfil). j 

PTtOdEBURE \ 

The matliematical teehnirpie of Manneback (1051) has been followed for the^ 
evaluation of Ajv with thr* use of intensity values of the bands In tlie nomen- 
clature of Mannebark. we have 


t^lJ) 

r{()()) 


- M f 


2a)/ -It 
- -j- 0)g' 


( 1 ) 


whiwe il/ -- 0.172205 wl(r/ - 7’/) i 1 and w,. is the vibrational 

L COp , 

frequciKiy C corresponds to the overlap integral and t rejn'esents the Franek- 
(loridon factor which is related to the intensity, I «)f the band by the relation 


//v* - /f 


where, K is a constant, AV is the number of molecules m the upper vibrational 
level and v is the wave number of the band head Henc<‘ the expression ( I ) becomes 


' M)0 ^01 ' ' ^ ' 


The expression (2) has been used for the (‘omputation of A/p. The values of // 
and the vibrational frequencies are taken from FTerzborg’s treatise (1050) (see also 
Afaf, 1050). As it is a triplet band system, the estimated intensities of each 
(!Oinponent. are (;onsiflerefl for the evaluation of Ar^ from tlie above expressions. 
These intensities of the and components and v values ai'e taken fi oni the work 
of Ivowater (1932). They are reprodncied below : 


n, R, 
20 


( 0 , 0 ) 
( 0 , 1 ) 


fi 
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As the hands considored are (0, 0) and (0, 1 ) i.o., in the roginn v — 0 and I for wliirh 
the potential energy enrves in the ease of both anharmonie and harmonic oseillaUn’ 
may he said almost to coalesce, the increased labour involved m the computation 
of by the application of anharmonie wave function is not> called for. 
Maimeback’a technique inv()lving the simple harmonic wave function is considered 
adequate. 


n E S U L T H ANT) D 1 S C! U S S I () N 
The computed values of A/*^ are recorded below : 

Ar^, in A. Average \r^ in A 

(0,1), (0,0) 0.046« T 

y 0.040 

„ R^ 0.044„ J 

The use of the third component R^ ha.s not been made as it leads to a sommvhat 
higher value (Ar,. -- 0,060 A) probablv due to doubtful intensity estimate. 

The average value for Ar^ works out to be 0.046 A which .sui prising ly comes 
out almost identical with the value given bv Lagcrqvist et al (0.047 A). Thus 
the independent considerations of intensity a.spef.ts favour the revised rotational 
analysis of Lager(j[vist et al, and bring out the unlenabilitv ot the earlier data 
of Lowaler (0.1 10 A). The present study m eonjunction vith the vork of Tawde 
and Hretjdhara Murthy (MI57), and Sreedhara Murthy (1061 )* contirms the efficacy 
of the method of evaluating Ar,, from iiilciisity aspects. Thus one can idy on 
reasonably veil-estimated intensities to evaluate Ar^ especially in such cases wliero 
it. is difficult t.o re.solve the spectrum eell foi* structiiri* analysis The procednrt* 
outlined furnishes also ameans to cheek the A/'^ value in the case of doubtful 
I'olational analysis. 

added in proof ’ Tu this investigation Ai> of LaO {fi ->X) system 
w'as (‘stimated from intensity aspect to he -^OOSSA. Dr. Lars Akerlind of 
the University of Stockholm lum informed us in the meantime in a private 
eommunication that tJie rotational analysis of (0,0) band of LaO system is 
nov hnished and that Ar„ seems to be 0.030 A and that A?v does not ditfer 
very much from this value, Aceorrling to Dr Akerlind’s informaiion, the 
preliminary eoiistanls are expeel ed to appear in “Naturvissensi'liafton ’ soon. 


A ( ' K ^M) W K T) a M E N 'J' 
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l?utions must re.ach the. Assistant Editor not later than the 15th of the second month preceding that 
of the issue in which the letter is to appear. No proof will be sent to the authors, 

2 

EJECTION OF A Li’-‘HAMMER’ TRACK 

G. G. DKKA AND K. M. PATHAK 

Dmi'autmknt of Piiynica, (^jtton Colleok, Oagiiati 
(lieceired Oefohei 13, J!KiI) 

7'-,shaj)(‘(l nuclear lrackK(uolk)(juially known as ‘haniiucr’ tracks) arotrequenUy 
ohscivcd in Mic hi^h energy nuclear dismtegratiojis produced in photographic 
euudsions. lh‘opcrtie.s ol sucli hammer' tracks have been sliiilied by scveial 
authors (Fry. IDoi^ , Munii . 1950; Lock, 1957 and Deka el (tl., Ihbl) These 
hammer’ tracks ar(‘ generally lutcryjretcd as lollows 

/J--\ V, *4Be®-42a (1) 

Ho^^ever, Fiy ft al. (1959) found a ‘hanimer’ track uhich was interyircted as due 
to jLi" decay, A similar event was also reported by Munir (1956) Among 
798 ‘hammer' tracks Deka fi al. (1961) dis(U)vered tluit 4 of them were due to 
-,.IF, ( u o were due to ;,Li'* But no event which is significant 1} different in ap])e,ar- 
aiice from a (‘ommon hamnier' track has ajipeared so far in literatures The decay 
scheme of Li® is assumed to be as follows- 

,Li» /y-d V, %J3e®-^2^-f (2) 

( 'alculations show that tlie angle of non-coUmcarity between the two alpha- 
partii les from Li*^ decay would not exceed 6®, whereas due to the presence ol a 
neutron in the Li" tlecay would allow much larger angle, 

in a scan of some 9x UF stars of N;, ^ 5, we found 90 double stars and 1 12 
‘hammer’ tracks in the 4.6 BeV/e A--meHon plates Among tliem we discovered 
one hamiuer’ track (Fig. 1) which is .significantly different in appearanee. 
The ‘liamim r’ part ol it is very flat and it allow’iS an aecurate measureiiioiits oi tlie 
angle of noii-collmeai’ity and the ranges of the alpha-tracks. The eleeti'on track 
is visible although tlm hack-ground is had. n’hc relevant data ol the c*veut are 
given ill the Table 1. 


105 



106 


Letters to the Editor 

TABLE 1 


MjiiriH Hi, 11 liUilK*' 

I j-lrKck 


(10 !-2)7r- 


Kaiijri' of of 

alpha nnn-«-ollj 

1 1 arks nemHy 

(1) 4.17/i. :hV'-l 2" 

(2) 4.riS,a 


MomoTitiiin Total oiuMffy 
uiihaliiiici' ^o]ea^e 


r)K.3:l:»7 4 H± I 

McV/i! Mov. 



Vjg. I 

(^ariiful jiioiiHiu'oiiionls woi-e also made of (V-i-a^vs ])res(*i]t on tliis ti-ack as v^'ell 
as (ji] the othoj' ‘liaimiier Iracks ni IJio .same jiclliole. The total mjm))eT>s 
ot ^-ravs having grams «)\er the residual range weie found to be 17 J 4 
on this track and 2(1 1-4 on the otlier ‘liammer’ tracks. TJiis coniimrisoii ot ibray- 
coimts indicates that within evpcri mental errors this track 4\a,s ])erhap,s due to 
a nucleus of charge 3 

In the calculation we assume that the Jh'* -nucleus decayed at rest according 
to the scheme in Eq. (2). To conserve momentum in tlie decay, o8_i:37 MeV/c 
i.y assumed to he earned by a neutron whieli does not pi‘(»duce any observable tiack 
in the emulsion, Tlie total energy release in tlie break up of * 4 Be“ indicates 
that *,Be‘’ uas proliably created in the (i.S MeV excited state and sulisequently 
decayed with l lio energy relea.se of 4..3d: I MeVb 

U K y It \i X (' to H 

IJi'kii, (b (! . blvaiiH, L) , bi-ow.Hc, ll. ,1 , lialdo-t'colin, i\l . IlMjl, Nuclear Phyniifi 23, <100., 

,lby, W. y , jy.-iS, Phy^,. live.. 89. •tJ-'i. 

IjOlik, tv. ()., OoUlHiiok. 8. .1., ami Muinr, Jt A., 15)57, PhU. 

Muim, H. A., 11)60, Pkd. May , 1, 365. 
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SYMMETRY OF THE CRYSTALLINE ELECTRIC 
FIELD ON Yb+++ION IN Yb^lSOja SHgO CRYSTAL 

A. MOOKHER.1J and D. NKOCY 

VHYriir-Vlj I^ABOHATOUnCS, AUHA (‘fH.LKCjK, v\cJJ(A 
(Rfiretretl Ni.ivinhn Ifi, KKU) 

Ponnoy {J03:i) atti'inptod to explain the room iciiijierfituro powder values of 
the magnetic moment of Y})m ion in YbaiSOj.. SH.O crystal as obtained liy 
Cabrera St. Meyer (M)25) and Zernike and James (1920) on the assumption 

of a field of cubic symmetry to which the Yb * ' • ion was subjected Tn the absence 
of Ictw tomx>erature experimental data his calculations w ove only provisional and 
no definite conclusion could b<‘ drawn. 

Elliot and Stevens (1952) rejected tlic conventional ciystal field treatment 
(i.e. cubic supei imposed on d a small tetragonal component) and explained suc- 
cessfully the rilM data of cermm ethyl sulphate using a field of trigonal symmetry 
and hence suggt‘.sted that' fields of the same symmetry might be effective in other 
rare earth salt.s also. 

A survey of the magnetic susceptibility anisotropy data (Krishnan and 
Mookherji, 1938) shows that the magnetic* anisotropy in ethyl sulphates and in 
double' nitrates where the paramagnetic units arc oriented parallel to each other 
ranges from 5% to 7% at idom temperatures, \vhereas in halides and in sulphates 
where tln^ paiamagnetic, units arc no|. necessarily oriented parallel to each other 
iiuignetie anisotropy at room temperature ranges from II to 25%. So the pro- 
bability of a crystal (ield of the same symmetry as in ethyl sulphate and double 
nitrates (trigonal) to be cffectivi^ in halides and in sulphates is very very less, 
trenci' to gel an insight as to the nature of the crystal field acting on Yb^ + i ion in 
Yb.i(t80,i) i- Sld-jO crystals w e have measured its magnetic anisotropy and magnetic 
moment 'froni“ room temiJcrature down to liipiid oxygen temperature by the 
method of Krishnan. Mookherji and Bose (1939). The results so obtained w^re 
tivatcd theoretically on the same lines as that of Elliot, and Stevens (1952), but 
using a general tetragonal field. 

The .n-c)und state of free ’S'b'HH jon is SK,.,, whieh is sepwatecl from its next- 
hishcr level “F,,. hy 111,000 cm-' (aorherch, 193S) and hence the contnhntion 
of to masnetie susceptibility is zero at room temperature (Van Vleck and 
Frank* 1929). The crystal held then perturbs this energy state. (We assume 
tliat tiie effect of the crystal field is smaller than that of spin-orbit coupling). 
The complete Hamiltonian for the perturbed ion is given bj 

H V+fiHJg 
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wIh'JM' H„ H^ands foi* lli(‘ IJamiiloniaii for tin* iinpeiturhrd nlaU*, V Mu' onor^y 
dm* It) iht* (‘T'vHtfil field and jiUJq ineliicles the effect of the magnetic field; othei' 
.symhols liave their iiHiial ineaiiingfl. 

TJie Cl ystal field fine to an ftctahedron of water eluNtei- surrounding the ion 
is asKuined to have general f.eti'agonal symmet-ry, conforming to a ])otjontial given 
l.y, 

V r^) j :lr') f 105?'^- 5?-«) 

4 — I yy'») 

wliere /?,/" are related fo the strength of fhe crystal field. 

Theinatiix elements due to the crystal fiehi ))ere ohtcained hy changing the 
yjotenlial field operator l^iiito its e(|uivalent angulai nninientmn oyienitors (St evens^ 
l!)r)2) ''I’he susceptibilities along (A'l,) and normal {K i) to the symmetry axis of 
the watei cluster about Vb' ^ ' ion were calculated by the general expression, as 
given bv Van Vleck (11)32). using the energy exyiressions so olitajned The nega- 
tive sign of C\)ttou Mouton constant, of cupric sulphate afpieoiis solution (Ohaltra- 
vortv, 1942) where is greater than and the findings of Ohiiiehalhar (1931) 
that t.he sign of niagntdie lurefringeiice is also negative with iUjiieous solutions of 
halides of (V, lb . and Er. suggest that in Vbo(»S(),) 3 SHoO, A miglil also be greater 
than Ki 

There is iif) X-rav flata nor anv l^MIt data and lienee tlie disposition of the 
paramagnetic duster in the unit. (!cll of tlie crystal is not known As a lesult w'e 
cannot determine precisely the values of the magnefie anisotropies assoemtefl wdth 
the indivuhial ionic gronyis. 

It is liowevei lortunatv lluit tmly a parlicnlai set of crystal fiehi jiai'anieters 
give the right nature of the temperature variation of the magnetic anisotropy. 
With the lielf) of t hat set. of pai-anieters wliieJi give the best fit w e have ealcidatcfl 

and at, different temperalures Ft is observed that A^,, comes out to lie 
greater than suggesting the corredness of our earlier aigumenls. The saiuf' 
set of parameteis also give a good fit. with the mean moment at rlifferent 

temperatures. Observer! and calculated values of {K,,-K, ) and au* show n in 
Table J. 


TABJJ5 I 


ThI11|»i* 

"K 

r'lil II M> 

:UM) 

2ni 

200 

140 

100 

K, , Ki 
'10 ' 

Ex|MM I hum 1 1 ill 

1 01 ") 

:i04n 

4210 

7300 

100:15 


"rhcoi'clical 

1 04.1 

3100 

4150 

7200 

11150 

fi2 


20.50 

20.04 

10 05 

10,50 

IK 04 

. , 

Thooi'iUifaJ 

20.24 

10 Ml 

10 7K 

10 40 

IK 04 
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TlaiH, Minco the calfiUaiecl (A\i --/ij ) valiu* lor the lome claatei at. 300"K 
i« the same as (JCi— Zg) for the crystal, we may conclude that all the eight ionic 
clusters (Zachariaseii; 1935) in the unit cell of the crystal arc oiiented aliuost 
parallel to each other making X^~ X.i — (K^ -K^ ) experimental, as given in 
Table I. 

It may be possible that this close agreement of the tcnijiei'atujc vaiiation of 
^K{K^^~Kl ) "dth that of X.,} may be due to averaging of held paia- 

moters in the plane of AX, but the apjivoxunate uniaxial magnetic character 
about X,— axis (X;,/Xg — 1 .04) of the crystal lou pled with high crystal anisotroiiy 
(23%) as compared with other sulphates and halides eryslals ol rave earth ions 
(10%), does not support this possibility 

The imithainctical and other details Avill be puljlishcd elsewhiere. 

It KKElt KS 

a . 0)47, ftxl J Phifs, 21, 275 
CMbi'CMti, 0., 192.7. Comp linul 180, ()«'.» 

C^.linkruvoi'l y, 1) (' 1942. (Uitumf Scifno'',, 8. 119 

(4iincluilkiu . S. W , I9:{L hnl, J. Phil^ , 6, .‘)Sl 

VA\w\ R ,1 ucf] Stevens. 1C. W. If 19.72, 7-*) oc Roij Sov *1215,497 

MUiol. U ,1 mid St(wen.s, K. W. ]f , 19.73, Proc. Ron ,S'o. , *-i 219 3H7. 

({•(jrljf'i'clU . H , 193S Ann Phiin, Lp'^. ,31, 390 

ICnshiifui, K S luul Mookhi'iji. A.. 193S. Ph\\. 'J'roiiii A 237. 13.> 

Kiislmiin. K. S., Mookhei |i. A, and Bose. A , 1939. Phil Tinn^ , A 238, 12.7, 

Krislinun, K. S., Monkheiji, A, and Bo.se, A , 1949. fnd ./ P/oy.'. , 23, 21 <, 

1‘enn.ey. W. (} , 1933 J^hip Per, 43, 1S.7 
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ASYMMETRIC SHAPE EFFECTS IN DIA- AND 
PARAMAGNETIC CRYSTALS 


MANJU MAJUMDAli 

Indian Association fou thie Cuia’ivation of Siuicncm, 

Jadavpur, OiVU’utta-32. 

{Jivcei ved JJecainbe? IS, 1 9(5 1 ) 

ABSl’RACT* TliB anisotropy of Blinpo of |•('f^tallgular plaloH of Hovoral isotropic crystals 
of (lin-uiid puraiiiagnolKi Jiiatouals lias boon del ormiiiod. A crv-slal grinding njijjiinttiis 
was constructod to gimd llio vratoi or rnolt-grown ciystals into plates of various dimensions 
All impiovod method of aniHolrojiby moHsuroment capable of giving gi eater nccuiacj^ pfij’ti- 
ciilarly for crystals of lovi anisotropy, has boon used Tho ri'SuUs show that foi crystals of 
a given subslauco the amsoiiopy of shape, measured as a fi action of the moan susceptibility, 
tleyu'nds not only on the ratio of the dimonsions in the hori/ontal plane, the ciystal being 
vertically Nuspeuded, but also on the actual valium of the length and bioiidth, as well as on 
tho dimension in tlie vortical dnvction, I hot is, the height. MeUiods have been suggested 
for correlating tho shape offouts with tho cliiiiensions of the crystal by graphical nieaiiH. 'I'he 
liiinlations of tfie method have been discussed 

I N T K 0 D XT C T r 0 N 

Tht' eorrection fur ani.solrupy of shape presents a difficult pruliloiu in tlie 
determination of tltc true magnetic anisotropy of crystals. Although m general 
for dia-and paramagnetic crystals this is not of as great importance as in the for- 
roiiiagiiel ic ones, for crystals of low jiiagiietic anisotropy and high susceptibility 
tlie shape effect may become considerable, particularly when they grow in the form 
of thin plates or long needles. 

'Dio asymmetric shape effeels may arise from two factors. (1) ]f the 
magnetic field, H, m which tlie sample is placed is ideally homogeneous (before 
the body is iirought in), the magnetic field inside the body is changed into 11' 
whore H~ H' =111, 1 being the intensity of magnetisation, assumed homoge- 
neous, inside tlie body and D is the ‘demagnetising coefficient'. The value of D 
can be calculated only for certain simple geometric shapes, where the assumption 
of uniform magnetisation is more or less valid. Tables and graphs for the general 
ellipsoid of semi-axes a, h, c whore a ^ 6 ^ c > 0, for different values of c/« 
and bja have been presented by Osborne (1(45) and Stoner (1945). Snook (1934) 
calculated tlie demagnetiising factrors for fJun circular discs by using the assump- 
tion tJiat the cylindcir edge may be theoretically replaced by an eciuivaleiit ellip- 
soidal surface. No calculations seem possible for rectangular plates owing to the 
non-uniformity of the intensity of magnetisation at the edges. However, it is 
intorosting to note that, in certain ca.se.s the demagnetising energy can be calcu- 
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latcd ior ferr(ma</nchc bodies in the form of reciaiigular blocks (Khodes and Row- 
lands, 1954). It can be aliown that the anisotropy of shape arising from the above 
cause is proportional to the squaie of the mean susceptibility and can therefore be 
neglected for most paramagnetic substances (y=: 3 0-3) except when they approach 
saturation. 

(2) The second factor wliicli gives rise to tJic observed oflects is tliat the 
field is not ideally uniform, as is also the induced magnetisation inside the sample 
placed in the field, Avhicli therefore causes a conjile to act on the sample. No 
general theoretical calculation on this effect appears to have been made. It may, 
liowever, lie shown that this effect is proportional fo the mean susceptibility of 
the crystal and vith sufficient initial inhomogeiieity of the field it may become 
considcralile. Although with carclul shajung of the pole-pieces the effect can bo, 
reduced to a negligible ininmuim, this is not often practicable. | 

In some of the eailier attempts t.o eliniinate the shajie etfects at room tempera- 
tures (Krishiian and Baiierjee, 193fi) tlie crysfal was sus[)oiided m a mixed luiuid 
bath the susceptibility of wluch could be adjusteil to be the same as the mean 
susceptibility of the crystal. The method is clearly unsuitable for crystals soluble 
in the liquids used or for those with very higli siiscex>tib ill ties. The x^roccduro 
more often followed is to grnul tlie crystal into a cylinder about a chosen axis 
poixiendicular to vhich the magnetic anisotropy is measured. However, during 
grinding the sanqile may lieeome conf aminated, and for hygrosco|)ic, eUlorescent 
oi- chemically unstable crystals further difficulties may be encountt*red. In such 
cases it is advisalile ixi use the crystal in its natural form with a suitable j_fl*otective 
coating, and the magnetic nicasuremcnfs made immediately after it is prepared. 
Then, it is necessary to delerminc and correct for the anisotropy of shape eitlier 
by (.lirect mathematical calculations from IJic knoivn shajic, hich even in the siinjilc 
case of a rectangular block of the sxiccmien is not easy, as already mentioned, 
or by comjiaiison with an extensive .series of trial exxieriiucnts on the anisotrojiy 
of shajie of differently shaped sxicciimMis whieii Jia\ e no inlierent magnelie 
anisotropy, e.g., ciysfals belonging to the cubic class of syiumelr\'. As many 
crystals normally grow m the fotm of nearly recterngular plates or xirisms where 
shajie efteef s are likely to be large (they are exjiected to be small for ap^iroxi- 
inately equidimensional crystals), a set of pilot data once obtained on the afore- 
mentioned isotroinc crystals ground into rectangular xilates of vaiuous dimensions 
might give some indications about the axqiropriate correction terms for the shape 
anisotropy of the noncubic crystals. The present investigation w^as umlcrtakcn 
w'lth this object in view'. 

K X J' E K X M E N 'I’ A L 
(a) Preparation of .nnyle npMs 

Crystals of aluminium potassium, c.lii'orne ].(,ta.ssium and iron ammonium 
alums, which belong to the cubic class and arc magnetically isotropic, were giowii 
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from solutions at about and the bigger and more flawless ones (as observed 
under iJolarising microscope) stilected for the experiments. The first alum is 
diamagnetic and the othci* two paramagnetic. Some pure (Harshaw ‘optical 
grade’) melt-grown j)otasRium bromide single crystals were also procured and 
plates of suitable dimensions cleaved out from them. These were ground to 
suitable shape and size, where ncceRsary. 

(b) Grinding of crystals into rectungnlar plaices 

An apparatus for grinding the crystals into recitangular plates (as well as 
ciylinders, if necessary) Avitb desired crystallographic orientations was designed 
and constructed in the laboratory. This consisted of a horizontally mounted 
shaft which could be rotated by means of a fi-actional H.P. motor through a system 
of pulleys and belt drive to give speeds ranging from a few hundred to about 
SOOd r.p.m. A1 the end of the shaft w'as fitted a grinding wheel made of finely 
ground glass disc (it could be replaced with one of ahindiim, if necessary). A 
liorizontal berl was mounted on a rigid stand below the grinding wheel and could 
be raised or lowered by means of a knurled nut A graduated circular rotatable 
talile uumnl-ed on a pair of cross-slides fixed to the bed made it possible to rotate 
the crystal sample and move it to and fro and from side to side. The crystal 
was fixed on the tabic by means of ‘biirofix’ or similar adlicsives with a chosen 
face in contact with if/. Pure alcohol (or similar organic solvents) used as a grind- 
ing fluid fends to dissolve the adhesive, and pure \vator tends tod issolve aw'ay 
the crystal more near the edges and also makes f-he ground surface convex. After 
a number of i,riEils a mixture of w^ater with ethanol in small quantities was 
found to be very satisfactory. The upptu* surface of the crystal -was ground by 
using till' edge of the grinding wheel with cross and vertical feeds and the sides 
were ground by placing the crystal at the edge of the table and using the flat 
(vertical) surface of the wheel near the rim for gi’inding w ith the cross feed of 
Ihe bed. 1'he orientation of the ground faces to a knowm crystal face could 
be made accurately to about 15' by eye estimation, and can be further improved 
with suitable mod ificaf ions in design. The dimensions of the plates w^ero 
measured to 0.001 mm with the hel]) of a Hilger Oomparator, by the kind 
permission of our Deparfinent of Optics. 

(c) Measurement of shape anisotropy 

Since the crystals were magnetically isotropic the observed shape effects 
W'crc assumed to be ecpiivalent to a magnetite anisotropy, Ay, and the results 
expressed as a fraction of the mean magnetic siisce^itibility, y, both being for gm 
molar quantities. 

The usual method of measuring the anisotropy of a crystal consists in sus- 
pending it by means of a torsion fibre in a uniform magnetic field and measuring 
the ‘critical couple’ necessary for bringing the crystal from its equilibrium position 
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(ujidor zero torcjue of iho fi l)r‘(‘) to the uriBtablc iiosiion in the field . The anisotropy, 
Ay, is then given by (i^rishiian and Banerjoe, J936) 




2Ma 

wir- 


«g— 7r/4— 
('OS '2(Tg 


... ( 1 ) 


whci'c (I is the torsion eoiistant of the fibre, M and w arc the molecular weight 
and mass of the crystal, H is tlie magnetic, field, is the critical torsional angle 
through which tin' fibri* is twisted and <Tf is a correction term which is small for 
large values ol" a,,. This method is not very satisfactory when is less than 
about 200'^ (vvdiich is (juite usual for crystals of low anisotropy) as the value of cTo 
becomes large and the (sritical positum becomes difficult to dotormino accurately. 
Further, it is not possible to observe and control the magnet current near thO| 
critical position so that the field may fluctuate, resulting in a premature spinning 
round of the crystal An improved method was. therefore, employed as describodl 
belov', which consisted in measuring the ‘maximum couple/ acting on the crystal, \ 
when the crystal is set at e(|uilibrium at 45'^ to the field, so that the results are free \ 
from uncertainties associated vith tlie earlier method. A somewhat similar \ 
method has bi’on described by Stout and Gneffel (1950) (see Datta, 195()), 

Atlxu' grinding the crystal into the re(]uired shape it wavS attached to a long 
thin glass rod using a small quanf ity of shellac or some othei’ suitable adhesive 
with a selected jilanc normal to the rod axis, the orientation being performed ivith 
the crystal mounted on a goniometer lu^ad. The other end of the rod was fixed 
to a calibrated (piartz fibre suspended from the |)ointecl end of a brass rod passing 
through the centre of a graduated torsion head provided with a vi'rnier reading to 
one.-tenth of a degree. Tlu' assembly was enclosed in a glass tube which opened 
at. the bottom into a lectangular box made of perspi'X vith a sliding front/, the 
chamber being kept dry by using silica gel The box v as situat/od between a jiair 
of jilane and parallel pole-pieces of an electromagnet. The glass tube and the 
perspex box were properly adjiish^d and made veiiii'a! so t.liat the axis of the 
siis(»ension Hystem passed through the centre of the pole-gap The crystal could 
then be brought to the centre by adjusting tin* rod carrying the fibre. A dlagium 
of the apparatus used is shown in Fig. I. 

In ordei to obsei'vo the position ol the crystal very accurately a hexagonal 
mirror was constructed by fixing small strips of silvered optically flat niicroseope 
cover slips, about 3 minx 3 mm, on the sides of a very light aluminium hexagon, 

5 mm across and 1 mm thick at the edges, the central region lieing made thinner. 
The hexagon was niounti'd near the upper end of the glass road passing through 
a bore at its ociitre, so that it was well outside the pole-gap and at the same time 
visible through the glass pane when the crystal was placed at the centre of the pole 
gap. The rotational movement of crystal was observed under high magnification 
with the help of the reflection of a ground glass scale from a mirror, illuminated 
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with a fluoreficent tube lamp enclosed in a wooden (sase and the whole mounted 
on an adjustable stand, seen through with a short focus telescope provided with 



Fig. 1. I’Jio tofHion nppuintus used for Iho moasuroinont of inagnet-if aniaotropy 
(diagramniatio). 

cross-wires. Tlie advantage of using a hexagonal set of mirroi’s is that a reflec- 
tion of the scale was always obtained in the telescope from one mirror or 
another. 

Another important, improvement over the previous method consisted in using 
a small one r.p.m. 4 Watt synchronous motor to rotate the spindle of the 
torsion head which liad eonsequontly to be specially designed and was provided 
with ball-bearings. The motor was fixed at the top of the spindle and was found 
to work very smoothly, eliminating all jerks and vibrations which inevitably 
aocompany manual control. Moreover, the torsion head could be rotated by 
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operating a swiioJi noar tlio f»bflervei- while looking through the toleflcope from a 
(tisl.incu and tliercfovo, very (jonvenient. for taking readingfl. 

Jn tJie f)rescnt method the orystal \V.as first brought to its setting position 
in tlie field umlor zovo torsion of the fibre using the telescope and scale arrangement 
1,0 obsiiTwc (wen small motions of the crystal when the field is switched on and off. 
The crystal wa,s tlien rotated through 45°, keeping the field off, and the position 
noted on the verniei' scale. The field was then swithed on when the crystal tended 
to come back to its setting position, liy slowly applying torsion to the fibre with 
the hel]) of the motor th(‘ crystal was brought back smoothly to the 45“ position 
where the maximum magnetic couple acts bn the crystal and is balanced by the 
torsion on the fibre. Under these conditions we have 


= 


2M(f 


a/H 


( 2 ) 


wlicie OLfJ^ is the maxitnum torsional angle of the fibre, M , w, and II being tlio 
same as in (1) O and 11 where dotormined as described liy previous workers in 


TABLE I 


Variation of Ay/y with h 



lenRib 

bieadtb 

hoiglit 

i!b 

AX/X 

(Vystal 

1 (cm) 

b (,.m) 

h (cm) 


X lOJ 

A 1 K(kS 04 ) 2 , I21L() 

018 

.149 

.51 1 

4 14 

5.02 

. 550 

075 

491 

7 42 

8 , 94 

X - -2r)0\10-<- 

574 

002 

451 

9 26 

10 81 


05(1 

043 

.153 

15.1 6 

16.01 

Klb' 

1 800 

.271 

745 

0 68 

5 22 


1 734 

130 

710 

12 72 

1 1 . 50 

X - 4‘) IX 10’'' 

1 052 

095 

. 735 

17 37 

17.89 


1 000 

043 

. 650 

37 04 

41 47 

(3rK(.S04)2, 121fjO 

054 

113 

. 496 

5 77 

2 70 

X ^ (ilOriX lO-i' 

043 

. 052 

.473 

12 32 

0.57 

at 302.5 'K 

. 033 

032 

. 140 

20.04 

11 43 

F,Nir4(,S()j),, 121-1.0 

1 185 

239 

.716 

4 . 95 

4.74 

X - UllO X lO-'- 

1 143 

.146 

.041 

7 . 85 

8.09 

ill 30:rK 

957 

.047 

501 

20.37 

20.25 



TABLE 11 





Variat 

jon of Ay/y with h 



Oiystal 

Icngib 

breadth 

hoighl, 

llh 

AX/X 


1 (cm) 

b (cm) 

h (cm) 

X lOT 

I2H_.0 

.602 

.104 

1 . 225 

816 

.491 


.002 

. 101 

. 945 

1 .058 

.637 


.001 

104 

054 

1.529 

.920 


001 

.104 

.313 

3.195 

1 .921 


TJnlo on poldsBiuiu bionude luive been inrluded m Table III, 
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this laboratory (Datta, 1953, 1954; Dutta Hoy, 1954). Values of cc^ were taken 
for clockwise as well as counterclockwise rotations of the liryslals. 

R E H tT h 'r S AN O 13 T H C TT S S I O N S 
(i) Dependence of shape ardsotropy mi the dimensions of a crystal 

It was observed early in course of the experiments that the anisotropy of shape 
of a rectangular plate depended not only on the ratio of the dimensions in the 
horizontal plane (for vertical suspensions of the crystal in a horizontal field) but 
also on their actual values, that is, on the length, I and breadth, b, as well as on the 
heighi, //. It Avas observed that the anisotrojiy also depends on 7/, because of the 
fact that the cou})le acting on different sec.tions in the horizontal iilane of a crystal 
of given I and h varies Avith the height and the observed value is an average. Hence, 
in investigating a xiarticular crystal two of the dimensions were kept as nearly 
constant as possible (it was almost impossible to keep these dimensions constant 
due to slight chipjmig off of the edges during grinding). Results are presented 
in the folloAving tables which show the effects of varying (1) keeping I and h 


2 L 6 8 10 12 U 16 18 



Eig. 2. Vuii'ial.ioii ol'^x/X w'itfi Ijh Cur (iitiiiiagm.lut cryslals, TIki solid ( clus do;iolo Its 
for .A.l-tiiuiii and Llio hollow curios lor KBr. 

Till) co-oi'diiiatus for Al-ulum are shown at toj) and rif^lii sides of the dingrnin. 
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constant, and (2) K keeping I and h constant. The magnetic field, II, was 2460 
oersteds tJuoughout the expci'inients. The values of x kave been taken from 
■Tables do constantes et donn^cs nuin^riques”, Vol. 7, 1957. Positive values of 
Axlx shown, 



Fir. 3. Vnriulion of Ax/x with Z/& for jmiwmignotio rrysialR Tlin Holid oiil-Ios roprosoni 
fernfi iihini and iho holloAV circlos rhromo alum 

The results are shown graphically m Figs. 2 to 4 ; in Figs. 2 and Ay/y 
has been plotted against Ijb in order to bring out the fact that it tends to become 
zero for Ijh — 1, i.e., for plates having square sections in the horizontal plane the 
shape anisotropy vanishes. Tt may be observed that Ay/y increases with decreasing 
breadth, the length and height remaining constant In Fig. 4, Ay/y is plotted 
against 1/^ where it is seen to decrease with increasing values ofh and becomes zero 
when h tends to infinity. Tins is not surprising, since in calculating A;\; the observed 
values of are divided by the mass (m) of tjic specimen (refer to Fq. 2) and 
when 7i->oc, w->qc^ so that A^^ aiqjroachcs zero, although still remains finite. 
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All these curves have only slight departure from linearity (except for large 
values of Ijb oj‘ Ijh) which facilitates extrapolation, 

(ii) Determination of shape anisotropy for crystals of any dimensions by interpola- 
tion. 

Tt is clear from above that if avc have a set of data for the shape anisotropy 
ol a given crystal with any two of its dimensions fixed but the third varying, 
then it is possible to determine the shape anisotropy for a similar crystal with anj'' 
value of the third dimension, provided its other two dimensions are the same. 
Jrlowever, as this condition cannot bo realized always in practice the following 
metbod of inteipolation for any given dimensions nas been evolved. 

Ix^t us sii[iposc we liai'e several large rectangular blocks of a given (irystal 
with tlicir length, breadth and height flenotcd by I, h and h respectively We 
first take one of them, cut or grind it to change one of the dinieusions, say, I, into 
/.j. Wc then cut or cleave out several .sections along the breadth, say, with h as 
.. , (jach having tlu^ length as and height as h. Now, taking each section 
AVC study the variation of the shape anisotropy with h, as before. Next, a\c choose 
another block, change the length into l,^. cut it into sections of liroadth b'l, b\,... 

TABLE 111 


Vaiiatioii of Ay/y with h, h and I for KBr crystals 


Length 

Jheadlh 

lleiglil. 

Ijh 

AX/X V 10^ 

AX/XX lO'i 
♦ 

for h = 

(cm) 

(cm) 

(cm) 



0.7 cm 

0 5 cm 



1 442 

093 

9 73 

18 7 

26 85 


052 

1 003 

997 

12.70 





752 

1 330 

17 82 



.376.1 


1 041 

,009 

5.38 




075 

1 .119 

.894 

7 83 

13.1 

19.0.3 



. 598 

1 400 

13.95 




b', - 

2 022 

495 

0 88 





1 .231 

.813 

12 22 

21 9 

31 9 

i 

.051 

598 

1 672 

25.81 



.78] 


2.251 

444 

2.08 





1.468 

085 

4 42 

9 . 05 

14.1 
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725 

1 379 

10.10 





351 

2 849 

20.81 




b"\ — 

.870 

1.141 

n 90 





. 582 

1 .718 

17 20 

14 0 

20 9 


] IK 

395 

2.532 

27.92 







7 45 



1.730 


.809 

1 230 


1 1 . 65 

017 

1.621 

8 0.5 

7.9.3 


.21 1 

.404 

2 475 

15 03 




’‘■Tutoiipolated from Fig. 3, Theso values have boon plotted against the norresjioiidiiig 
1 jb valuoa m Fig. 5. 

2 
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ftiicl a-gaui tl(‘torj)iiTio the vai uition oi shapfJ anisotropy with litjiglit tor each section. 
By repeating this pi'occss aw get results loi aa'iIIi h'j, b g, ... Iroin a graphical 
representation of the ciata and interpolation tlieretroiu it may he possible/ to esti- 
mate the/ shajie anisotropy lor a specimen Avitli any vahu* of I, b and h A\'ithiii the 
given limits as \m 1 I be sliowii below We e.hoose potassium bromide crystals for 
this pur^iose, as this is available in large rectangular blocks lj‘om Avliieh parallel 
sections can be readily cleaved out. Moreover, sineii no grinding is involved 
(excexit for very small aoiIuos of />) I-aao ot the fliiiieiisions can be kept very near ! a 
eonstant in any particular senes ol experiments. 


h- (mm) 20 14 12 10 8 7 6 5 4 



l/h '► cm ' 

li’ig, 1 Varjiituin ol d^xjx wilh J/A Tho soJul cjjclos (ouivo //) roprosc'iil/ loiric iilum (Jio 
onliiiulc'h toj' uio .sJioHji .(1 right ujkI Ujo rohl aio ioi Jvlh. Tlic I ami h values 

lor each ciiivo aie (iii cni) (a) 0.7S, 0 0.71 , (Ij) 0.:}7.h 00.51'; (e) l.T.'l, 0. 1 1 S ; (d) 
0 378, 0.075, (o) 0.78, 0.1 IK, (f) 1.73, OUIJ, 

The aliuve results have been represented grapliieally in Fig. f Avherc the 
anisotropy values Jiavc been iilotted against I j/t toi the threi* sets of plates of kmgih 
/i, L^, Aj and dilfcront h values lor eaeh All of them are almost linear curves 
passing through the origin. 

In estimating the shape anisotropy ot any erystal with dimcuisions /,, A,-, //,*, 
the ordinate at Ijh^ is draAvn to intersect llu“ sets ol curves in Fig. rt at jioiiits 
wJiieJi give tJic values ol Ay/A' l‘>»‘ b - /<, and for different sed.s of values of b 
coiTosjionding to a particular value of /. From these ])uiiits a new set of curves 
is draw 11 showing the vai uitioii oi Ay/y with I jb for the dilleront values of L Eaeh 
ot these eurvc;s is niadi! to pass through a jioiiit on the abseissa (eorrespoiidiiig to 
^XlX ~ tb at Ijb — \ jl, since it is already s(‘cm that the anisotropy vanislies 
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for I = h (Figs. 2 anfl 2). The ordinate at 1 is then drawn to intei'st^ct the eiirves 
and the value of obtained by inteipolation for the apprrijM’iate value. 



l//>— >cm-< 

Kij^. o Vaiintion (il‘ AX/X with 1/6 (join intprpolalnd ikhuIs hi t’lg. 4 l■ 0 ]•l( 1 spomllnK ic)/i = 7 
mm (solid (’urv’Hs) mid rmim (brokon cuivi's) niHjxiidivoly The vnluos for I roirosjionding 
to encli ciiivo sluuvii on tho nbs( ihsu b - 0:177 i iii . l> = 0 7SI (mii , h, -- 1.7.S oiii. 

Tahing as an illiisliation Ji, to be 7 and 5 min two sets of curves witli solid 
and liroken lines, r(‘S])eetively, have lieen drav n in Fig. ri from the points obtained 
in the abov'^c manner from Fig. 4 which are included in Tabic !f. In order to find 
the anisotrtipy of a KBr crystal suspended in a magnetJe held ami having I, b, h 
as 7, 2. 7 Him re.spectivcly, which are fairly reprtjsentat.ive of a comparatively 
flat, expcriiiicntal crystal, the ordinal “ at I /().2 is dravn to meet the solid lines and 
interptilat ion of -- 0.7 is made between the curves for h and The shape ani- 
sotrojiy is seen to be about 0.5%. Similarly, a crystal with ^ — 5 min, ft — 2 mm 
and h = 5 min would have alioiit the same anisotropy, vhile the corresponding 
value for ft — miu would be 0.2%. Tlie effect of all the t hroe dimensions on the 
anisotropy is rpiito evident from those re.sults. 

Our previou.s statement that the anisotrojiy dejiends on the actual dimensions 
of the cryst.al rather than on their ratios (contrasting with the ease of the demag- 
netising factors for ellipsoids Avith which our problem bears a formal analogy), can 
be demonstrated from Fig. 4 directly witliout taking recourse to interpolation 
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for I, — a jiiolhod nec'cssanly soiriewliat apjM-oximat-c in the aliseiicc of larger 
mnnher of closely spaced curves for / . A crystal with I — 0.781 cm and h — 
0.200 lui has Ay/A' ~ ^vhile anutlier with / — 0.377 cm and b = 0.0907 cm 

has Ay/y ^ 0 97%, both Avith h = 0.7 cm and having the same value for l/h. 

It may ho noted in conclusion that for most experimental crystals of usual 
size and shape Ay/y amounts to a foAv, say, 2 to 5, parts in a thousand. These 
rcmaiks apply only to KBr erysliils. Our obseivations on isotropic paramagnetic 
crystals of different susceptibilities, such as chromium and iron alums show that 
lor crystals of the same dmicnsH>ns Ay/y vanes almost linearly with y, decreasing 
with the increasing value of the lattei. This is shown in Fig. 6. obtained from the 
results for a crystal with L 6. Ji as 0.620, 0.118, 0 ShO cm, respectively, from the 
flata given in Tallies T-Ill. Hence the shape anisotrojiy foi crystals with any 
lilt oriiiedi ate susceptibility can be obtained fairly ai;curately by interpolation. 
Furth(‘r, v ith a given shape and size of the polc-pieees of the magnet the inhomo- 
geneity deeicases slightly Avitii inci easing field. For the same crystal the shape 
auisoirojiy was found to decrease with increasing value of the field 



TCyl(P-> 

Fig 0. Voriation of AX/x w'ilh x 


Jii Older to determine the shape assymmetry of a magnetically anisiitropic 
crystal in the form of a rectangular plate, having a mean susceptiliility y, the 
value 111 Ay/y is first obtained for an isotropic eryslal having the same / b, h 
and y values. 'J’he observed magnetic anisotropy. Ay', say, of the exiieriinmital 
crystal can then be eonected for its shape from a consideration of the location 
of the magiietie susceptibility axes with respect to 1. h, h and l.he values of Ay- 
and Ay'. The application of the method will be different for different eases and 
will be dealti with in a subsequent publication. 
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VERTICAL TRANSPORT OF ELECTRONS DURING 
PRE-SUNRISE F-LAYER “SPLITTING” 

I'. UANIAOPADHYAY ani. S. K. CHATTEIWEE 

InHTITDTJ'. ok JIaoTOPHYSICS ANU JllLliJlTBOKirS, 

ITnIVEIISITY of OaLCTTT'I’A 
[Rvicived June 17. IJKil) 

ABSTRACT. This note* jk llic cxtoiiKion of «ii oar hoi work (Bniiclyojmdhyny, 1!).59) 
on tlir o(‘finr('iici‘ ol a plipfioim'iion oliHoivod id Hnnnghaln and callod pi'O-suniTHO V-layei 
“BpIiLlmg ’ 7’lji‘ ))lioiinnuinon i.s oxaiiiirictl lioio as an offoct ot A'cihcoJ I lunaporL of oloolrons. 
On tliis hasis Ihp kind of olorlion liansporl ihal. niighl. causa tlio “splitting” has been studied 
liore by tlio method of Ohandra, OibboiTs and Sohiiierling (I!)(i0). Tlie a.HHocuition of the 
plieiiniiinnon witli rnagnoiie K-indox jh also diRCua.qed. 


I . I N T E 0 D IT C T I 0 N 

Jn an earlier work one ot us (BaiKlyopadhyay, lOfit)) reported the pheno- 
monon of pre-suiirise F-layer “splitting” as observed at IJariiighala, The plic* 
nomcnon js one in which, in the small hours of the morning, the F-layer ti'aces 
in the ionograiUH undergo a sequence of changes leading to what appears to be a 
rapid splitting ol tJie F-layor into two — an upper layer and a lowei' layer. The 
pheiioiiKuion was sought to he explained in the earlier paper in tw'o diftereiit. ways. 
The ’splitting'' Avas at lirsl. regarded as an apparent oiu^, being due to non-vertical 
rotlections taking place during the passage of trarolling lonosiiherie disturbances 
of the type studied by Mnnrn and olheis (Miinro, 1941) and 195S ; Miinro and 
Heisler, J95b). diflicult.ies of an explanation of this type wore, ho^^'(*vel^ 

pointed out and it wtis suggested that th(‘ ‘ sjdiiting" might be real. In the latter 
(‘a,sc, oiK^ must- seek an explanation of the phenomenon in some kiml of vertical 
transport of cloctron.s taking place in the F-layer during the oticiiTTcnee of tlie 
“splitting In the present note wt* have ealeulatcd ilu' (deid-ron transport pro- 
files at the time of “splitting’’ following the method ot dhandra, Uilibons ami 
iSchmorling (iOfiO) to study Ilu* kind of drift that might cau.se the “splitting”. 
Some of these velocity profiles are presented here and discussed 

Another jiomt avIlicIi wc hav’^e mnv re-examined i.s the question of association 
of the plienonienon with geomagnetic distiirbaneps. ft- was iminl-ed out in tlie 
caTlier paper that the phenomenon is not associated wuth magnetic, storms. A 
closer examination of this point now show's that the ])lienomen(m is assoeiated 
wuth rather low^ values of the K-index 


124 
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2. VERTICAL E 3. E C T R O N TRANSPORT DURING 
“S P L I T T I N O” 


2.1. The method of analysis 

Tlic nature of the cleetroii drift talcing place during the prc-.sunrisc “split- 
ting” of the F-Iayer has been studied in the following way. A number of good 
sequence of lonograms ilepioting the phenomenon are .selected. These are first 
examined carefully for any indication of oblii|ue refleiition that may be present. 
This is done by examining the height of the second order echo. This height, 
in absence ot non-vcrtitial reflections, should, at all frequencies covered by the 
sweep, be twice that of the fir.st order echo. Any deviation from it, above a certain 
frequenoj^ would indicate the presence of off angle refiections at those fretpiencies. 
Examined m this way, it- is found that non-verti(‘al reflections, although sometimes 
present, cannot be regarded as a predominant feature of the phenomenon. Se- 
quences which do not show any oblique reflections are reduced to true height 
electron density xiroliles {N~h curves) by the method of Schmerling and Vcntrice 
(1(159) Vertical drift profiles are then deriverl from these N~h curves by the 
method of (fliaudi-a, (hbbons and Schmerling (1960), which is briefly as follows : 

The night-time continuity equation may be written as 

u'here (i is the loss-coeflicient, N is the electron density and v the drift velocity 
measured positively upwards. 

Integration of ( I ) Eq. yields the amplitude of the vortical di'il't velocity v 
at an height h as 


V 


~N N 


( 2 ) 


where 



( 3 ) 


Here A^(, and N are the electron densities at the height /q, and h respectively, 
and anil v are the corro.sxioiiding drift velocities. 

It is evident that if the drift velocity at any lieight (which may be the 
bottom of tli(‘ layer) is knoivn, that for any other height h in the layer can be cal- 
culated. In our case, however, is not known. Various values for this quantity 
have been reported in literature. Under normal conditions the values range from 
1 to 15 m/soc. Since the phenomenon under study is not a normal one, ive have 
taken a rather exUmded range of values for viz., — 30, 10, 0, --lO, —30 
ni/scc. to cover the jirobabU* tihysical situation. Starting with these arbitrarily 
clioseii values of y„ for the reference height /*„, values of tJie drift velocity at other 
heights are obtained for each ionograni of the sequenees selected. 
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Tho above ealeulatKJiiH roqiure values of the Joss-ec)efficieiit at different heights, 
For heights above 260 km Suhiiicrliug’s (lOhh) lormiiU has been used. viz. 


/f(/j.)-2.2xJ0-M-0.25c-'d3' 

lielov' 260 km the loss-eoeftieient is of the recombination 
/i{ — aN) js ealciilated as follows 


(4) 


type and effective 


TJi(‘ recombination coefficient a af the height //,„ nhich is near the bottom of 
tlie layer, is obtained using Mit-ra's (1050) forniiila, viz 


a- 2xUHMa) 

2xio-i'w(a)d ixio-8i\" 

Multiplying this value of a by n e get effective, Ji at //„ Starting with this value 
of// at /q, a smooth moiiotonie curve is drawn iipto 260 km to join it with Selimer- 
ling s model {Kq 4) Tin* whole iirocednre is similar to that followed by Fhandra, [ 

(bbbons and Schmerling (lOfitl) only that while they used the value a 4 x J0--« i 

cm^sec at 16(1 km, as given by Bates and Massey (1046), as their starting ^u^l^Ie, ' 
w e iiave found it more convenient to take the value of a at /q, from Mitra’s formula. ' 

2 2 RvkuIIh (ind DiscussiuHfi 

1 if,a. I iind „ of velocity profiN's every minutes for thi^ 

ouourreiico of tiie pre-sunrise F-layer “splitting" on Nov. 13, IP.W. The eorres. 
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ponding sequence of ionograms has been published already (Bandyopadliyay, 
1959). It will be found from the profiles for 0450, the hour when the “splitting” 
just begins, that the velocities, particularly at the greater heights, arc for most 
values of Vq predominantly positive (upwards). This indicates that the “splitting” 
is associated with a strong upward movement of the upper part of the layer. Al- 
though the motion near the bottom of the layer cannot be known by the present 
method of analysis, the positive gradient of the velocity profiles seems to .suggest 
that whatever the direction, the magnitude of the drift near the bottom must 
have been small. The succeeding sets of profiles (0500, 0510) show a gradual 
change in the direction anti the gradient of the vcUicities till at 0520 hr the 
drift changes sign and becomes predominantly negative (downwards) 


3. ASSOCIATION OF P K E-S U N R I S F “S P I. I T T I N G” 
WITH G E O M A G N E 'J' I D I S T U Ji B A >3 V. E S 

The association of pre-sunrise F-laycr "splitting” with geomagnetic distur- 
bances has been examined in some detail. The relationship botv oen the frequency 
of occurrence of the "splitting” as observed during the period 1955-1957 and the 
K-index as reported by the K.odaikanal observatory is shown m Fig. H as a histo- 
gi’am. The figure shows a distinct dependence of frotpiency of occurrence on 
IC-index vuth inaximuiu occurring at k — 2. 



K-Indox 

Fig, 3. Pei'centagc occurrences of pre-sunrieo F-layor “splitting” aguinsL K-indox. 
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NUMBER OF N,+, N\ N++ AND 0 ,+, 0+, 0++ iONS 
PRODUCED BY SOLAR PROTONS IN THE 
EARTH’S ATMOSPHERE 

S. N. GHOSH AUD B. N. SRIVASTAVA 

J. K. Instititth of A1TLIEJ3 Physics, Univisusity of Allahahat), ArjiAitAiui) 

{Received May 27. 1961) 

AUNTKACT Fn l.his pa,por, tlio ioiul iinmbor of nitrogmi and oxygon ions (N 2 \ N^, 

and Oo', ()+, (V) foriuod liy soloi* protons of initial onftrgios 57 and 100 KeV bo- 
twi'on iho aUitudo 130 km and that- for coinploto absorpt ion (112 km for .77 KeV and 106 km 
for 100 KoY) lias boon ostiinai od. As tlioso protons panel rate through the atmosphere, 
they undergo different inolastio eolhsions with atinospheiic gases, o.g charge exchange, ioni- 
zation, dissociation followed by ionization etc. Per calculating the ion formations, labora- 
tory iiieasiirenients of cross-sec tions for different inelastic i‘eact.ion collision for reactions 
(H', Na) and (H+, O 2 ) are utilized. Probability cui-vea for different t ypes of nitrogen and 
nx.^gon ion fornmtions at ditrorent altitudes between the range 125 — 10, 'i km by 57 and 
100 JCeV lu'otons liave also been dnvAvn. 

I N T K 0 D U tJ T 1 0 N 

rt- is woll-known that at loa.st a part uf auroral si>eotra is excited by boinbarfl- 
uieiits of upper atniosjihtTic leases by solar protons. As these i)rotoTis penetrate 
througli (he atmosphere, tliey imclerpjo iiudastic collissious with atmospheric 
gases leading in t'ertain cases to the excitations of atmospheric gases. Tl'in, 
Afrosimov and Fedorenko (1059) obtained separately the cross-sections for the 
produclum of N 2 +, N', N+^, 0^ + and O' liy 10-180 KeV proton bomard- 

ineiits of air. No and Go. From these measurements, the relative imimrtanoe of 
different inelastic processes, c.g., chai ge exchange, ionization, ionization followed 
by di.ssociation etc. lire obtained and tlic number of exygen and nitrogen ions 
ju'odueod by solar protons in the atmosphere has been estimated. The results 
obtained in this paper can be utilized in elucidating the excitation mechanism 
of auroral spectra. 

KNKROY OF SOhAK PROTONS AT DIFFERENT 
A L T T T U D E S 

Tt lias been established from Doppler sliift of lines that solar protons 
have 57 KeV or more energy (Kuiper, 1954). Recent rockot-hornc experiments 
(McTlwain, 1969) have shown that protons liave wide velocity spectrum. 

To detorinino the heights up to which a proton beam of initial energies 57 
and 1 00 KeV can penetrate, one has to know their range in air. Bates and Gnffing 
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(J 053) and Vogard (J052) collected data lor the range of protons in air at S.T.P., 
and del orinincd the e()n] valent path longths of atmosphere redmied to air at S.T.P. 
for different altitudes. Por tlie penetration of protons, we have assumed Vegard’s 
value for e(Jui^ alerit path length of the atmosphere at S.T.P. Tiie range of protons 
of velocity v cm /sec: in air was ealeiilated from the relation given by him namely, 


Theri^fore, 


Ra ^ cm 


( 1 ) 

( 2 ) 


where is the velocity of protons after it lias jienetrated through a path length 
(e(jiiivalent) .r cm at S T.P. and is the original velocity of protons. 



Fig. 1. Porconlago reduction of proton energy having energies 57 KeV, 100 XoV and 1 
MeV outside llu, oarlh’s atinosphei-o, as they peiiotrato througli the atmospliore. 



Number of N+, and 0^^', 0+^ Ions, etc. 131 

From the relation (2) and the equivalent path lengths of air for different 
altitudes, curves are drawn for the pereentage energy reduction as protons of initial 
energies of 57 KeV, 100 KeV and 1 MeV penetrate through the atmosphere and 
aie shown in Fig. 1. li, is apparent from these curves that protons arc heavily 
attenuated in a small layer of the atmosphere just before they are completely 
absorbed (112 km for 67 KeV, 106 km for 100 KeV and 84 km for 1 MeV.) 

ION FOKMATIONS AT DIFPBRISNT ALTITUDES 

Kocently Il’in et al. (1059) obtained the total cross-sections (sum of charge 
exchange and ionization cross-sections) for the production of N 2 + and ().^+ by bom- 
bardments of N ,2 and O 2 by protons. The difference of these values from the 
charge exchange cross-sections of reactions (H+, N^) and (H 0^) obtained by 
Stior and Barnett, (1956) the ionization cross-sections for reaction {H+, K 2 ) and 
(H-f, O 2 ) are obtained. The energy versus cross-scctjons for charge exchange, 
ionization, ionization followed by dissociation for rcactifin (H+, N^) and (H+, Og) 




— > Fiotoii onorgj’^ (Kc^^) 

Fig. 2 , Llluslrating the v.'iriiUions of inolustio collisions for tho roactioiiR (H+, N2) and 
(H+, O2) Muth energy. 

are shown in Fig. 2. From this figure, the probabilities of formation of nitrogen 
and oxygen ions in the earth’s atmosphere between the altitude range 105-125 km 
by bombardments of protons having initial energies 67 and 100 KeV are 
calculated. (As ionization cross-sections for reactions (H+, N^) and (7/^", Og) are 
not available, calculations for ion formation by 1 MeV proton bombardments are 
not undertaken.) In these calculations the distribution of atmospheric consti- 
tuents given by Miller’' has been assumed. Applying the relation 


Probability = QN 


(3) 
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105 no 115 120 >25 - 105 no IJ5 120 l?5 

Height (km) 

i''>g. IVohabilil lo.s of nili’open ion formationH in the earth’s atinnsphero between altitude 

range 105 — 12n km by bomliaidinonts of protons of initial energies 57 and 100 KoV. 

whore Q ia the cross-sceiions for the different processes for protons t)f different 
energies and N is the particle density of Ng or Og, the probahilities oi formations 
of O 2 + due (o charge exchange and ionization and also of N+, N+S O' and 
OH- have been calculated for altitude range 105— 126 km. These arc shown in 
Figs. 3 -4. 

TOTAL N U M 11 E R OF TON FORMED IN THE KART H’S 
A 1’ M 0 S P H E R E 

As the energy of protons decreases from to E, the number of ions formed 
is given by (Allison, 105H) 

E 

= Qj-^ .dE 


( 4 ) 
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^ Height (kiu) 

Fig, 4. l^robabilitiGB of oxygon 1011 formutiona in the oarbh*H afcinoaplioro between altitude 
range 100—125 km by bonibaidiiients of pi-otons of initial oiiorgies 57 and lOOKeV. 

where, 

number of ions formed 
L — Avogadi’o number 
I — number of atoms in a molecule 
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Q — oross-soction in cm“/atoni for different processes 

— stopjwng power in KeV/cin at N.T.P. 
dx 

li’rjr (‘alciilating ion formations, the charge exchange cross section is taken to 

he — 1 where and arc cross-sections for electron capture and electron 
^10 + ^01 

loss respectively. (A (;harge exchange process occurs in a close cycle, because 
the boniharding ion is first ncutralizerJ and afterwards on colliding M^ith gas mole- 
cule becomes ionized and the process continues.) The values ol‘ and for 
reactions (H+, Nj) and (H', O 2 ) are taken from data collected by Allison (1958). 
For the loiniation of molecular ions due to ionization, and singly and doubly 
ionized atomic ions due to ilissociation followed by ionization, the cross-sections 
for different processes given by Il’in (d al. (1959) were used. The values of stopping 
power [dEldx) ol and Oo gases for protons arc obtained fi om the work of Phil- 



Enorgy (Ke’S^) 

Rg. s. Totnl number of djfforcnt ions formed per KeV energy loss, oe protons pass through 
N'l and On crnHma ® 
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lips (1953) and the data collected by Allison and Warsliaw (lj953). Curves are 
drawn relating to the energy and the number of ions formed per Kev energy loss 
and are shown in J?ig. 5. Fi'om the integration of these curves, tlie total 
number of ion formations can be obtained. Table I shows the number of ions 
formed by various processes as protons of initial energies 57 and 100 Kev are 
slowed down to 10 KeV in nitrogen and oxygen gases separately. 

Miller’s (1057) table for atmospheric constituents shows that the number 
of Ng molecules is 2/3 of the total number ol particles at altitudes between 100- 
130 km, Avhile for 0^ the proiiortions aic 2.0%, 3%, 4%, and 9% at altitude.s 
130, 120, 110, and 100 km rc-spectively. Therefore, if solar protons of initial 
energies 57 and 100 Kev are slowed down to 10 KcF while passing through the 
earth’s atmosphere, the total number of ion formations of ' can be 

taken as 2/3 of the value given in Table I lor protons passing through gas. 
The formations of 0^', 0+, O' ' ions by JOO KeV proton can be as,sumed approxi- 
mately S% and for 57 KeV about 3% of (he values given m Tabic 1 for protons 
ill Oj gas. 


tablp: 1 

Numlier of nitrogen and oxygen ions in Njj and 0.^ gases 

Nuniboi of loiLs Nuinlmr of ion.s Nuniboi of i(«is turiuocl by 


J’voloii eiieigv 
(Kc‘V) 

lloinbnidod 

gas 

formed b,\ 
(‘hargo 
exehango 

formed by 
lonizatmii 

diHRoeiatjoii followed 
by loiiization* 

100 

Nj 

510 (N/) 

1180 (N-y 

942 (N^) 

19 (N^9 

57 

N. 

:jsj (N.') 

57(1 (Ny) 

485 (N^) 

li (^^’9 

101) 

Oj 

.532 (oy) 

917 (Oy) 

H95 (09 

2M0'9 

r*7 

0^ 

375 (Oy) 

455 (Oy) 

589 (09 

13(0'9 


*'riu‘ formal ion of tUnibb -loiuzod lon.s i.s not obhoivod avJioii proluii riiorgy is below 20 

KoV. 


TABLE II 


Number of nitrogen and oxygen ions in the earth’s atmosphere 


i’rotoM 

energy 

(KoV9 

M umber of ions 
formed by 
ehargo exeliange 

■Nfuniboi of ions 
formed by 
lonrzutiori 

Nuiubei of ions foi niod by diHSoeiatiou 
folio wetl b> joiiizatjoii 


09 

N+3 

O*.: 

()f N++ 

0^+ 

100 

300 43 

790 

73 

028 72 13 

2 

57 

250 1 1 

384 

14 

323 18 7 

1 
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Assuming that tlio atiuosi)lierc is a mixture of Ng and 0^ molecules, (Miller, 
1957) the number of ions formed by solar protons of initial eneigies 57 and 100 
Kev lietwcon the altitude ranges 130 Km to the altitudes for complete absorption 
is given in I’able 2. 
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FLUXMETER STUDIES OF SLOW ELECTRIC FIELD- 
CHANGES DUE TO MOVING IHUNDER CLOUDS 
S. li. KHASTGTR 

TJnivehsity op CaLCUT'J’A 
AND 

R. S. SRTVASTAVA 

Banahah Hindu XJNiVKiisiTy 

{Iteceined September fi, 19G1) 

ABSTRACT. An oluct.roHtatic flnxnifitor ainiilnr to thu ojio dovolopod by Malon and 
Rchonlaiid (1950) was oon si ni clod and usod for tlip study of slow olorlrir field-chaugos duo 
to nearby tliuridoreloudfl, Tho principle and the eonstructional details of the instrumont 
are ffivon Tho fluxniel.er oxponmonts tlio following results * 

(i) Tho initial elordno field duo io thundoirloud was more often negative than positive. 

(ii) 'niore was a Htnady doereaso ol tho negative field with t/ime Rometiniea 
the deerensti M'^us slow and showed minor variations 

(ill) Tho negative field was somatiinea found to increase to an o]ibiniuin value which 
was followed by a continuous doemisc 

(iv) The ])Ositive held, in many eases, was found to iiierease attaining an optimuni 
value, alter which it was lound to decrcaise pnB.sing thiough zero to a negative value whicJi 
after utlaiiiing an opiiiimin value was found to decrease steadily with time 

In many observations tho olectiic field-changes are shown to bo due to the movement 
of a tie(/ative cloud or of n bi-poHr cloud. Tho effect of (ho negative charge extoiiding over 
a vei'v Wide itiglon in the cloud has l>een evident in a number of observations Tlio minor 
abrupt changes have been attributed to eliaiigos in tho charge distribution and to occasitinal 
local discharge.s within the thundercloud. 

T N T IK) I) U C T I 0 N 

An eleulrostatic fluxmeter similar to the one, designed by Malan and Sehon- 
land (1950) was eonstriicted and used for measuring the electrie field and its slow 
fliangcs due to tlic moving thunder clouds. The fluxmeter consisted of a conduct- 
ing system of small capacity connected to earth through a resistance and was 
alternatively exposed to and screened from the electric field due to a thunder- 
cloud by the movement of a rapidly rotating earthed metal plate. Tho conditions 
under which the rotation ivas performed produced an alternating potential 
difference across the resistance, the amplitude of the potential difference lieing 
proportional to the thundercloud field. This potential difference was suitably 
amplified and applied to the F-deflector plat,es of a cathode-ray tube. The 
wave-pattern on the fluorescent screen was recorded iihotographically in a drum- 
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lilin-cfiinorji rotating about a vortic.al axis. The amjjlitiulo of the envelope of the 
(M’OHt.M and trouglis on this rcoonl Avas in’oportional to the field strength due to 
tlie thnndereJoud. There was a device in the iiistruminit siniilar to that in the 
tluxnioter of Malan and Sehonland to indioate the m/se of the field. 

CJ K K 1 N (t K I N n I P L 4^ OV T tf E F L IT X M E T E K 

The underlying principle of the fluxnioter may be understood by considering 
Fig. 1. Tn this circuit the eajiacity (\ represents a fixed eaiiacity of the system 

OUT- PUT 



log, I. Tho oirpinl. adoplotl for dotorniiiinig Uio static c'liiu'gp liy nu'a.siiiing liic» 
ainj)liturlo of tho iiltcmatuig potoiit-inl across tho rosi.stanco 11. 

upon which is iilaced initially an unknown cliarge q„. T,lic capacity of the con- 
denser IS made ])criodic by a mechanical device and l akes on values between 
0 and t/j varying in a jicriodie manner. If at time / — 0, wv take (\^ 0 and tJxo 

instantaneous eliargc on f\ is taken as equal fo the initial charge i/,, on f\, 
then tlu! equation giving the potential difference across differenl elements at any 
instant can be AATitteii as ■ 


<h 

C, 


-Ri 


J 


idt ^ 0 


rlicrc i ,s tl,« current through the circuit. The potential K appli.ul to the grid 
of ttm vai.cuiu tube is then given by 


Fj Ri 

C\ C\0, J 

8inco the instanlarioous charge on C\ is given by 


( 1 ) 


(/i = J idt 
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wo can write 


]ij ^ '7o [</i \ 1 


( 2 ) 


It i.s evident from Eq. (2) that in tho steady Rtato E is zero but as C.;> changes 
periodically as tlie result of the incohanioal arrangement, E becomes finite and 
periodic with We can however see without analysis that the potential E 

across E increases increases and therefore at low frequencies E is 

approximately proportional to the frequency of the variation of Thus the 
net result of interchange of charge between the ti^'o condensers, C\ and C^, of 
which ('2 varies periodically, is an alternating pohmtial across R of frequency 
equal to that of the variation of (\ and of ainpldndc projiortional to the original 
static; charge. 

The circuit shov'ii in Fig. 1 can therefore lie adojiterl for the measurement of 
static charge by simply measuring the amplitude of the alternating potential, 
difference' across the resistance. Since the generated potential is alternating, 
if. can be readily amplified by a vacuum-tube anqililier and thus the sensif ivity 
can be controlled to any desiri'd level. 

Wlicn the frequency of variat ion of the capacity of the comlensor t approaches 
the relaxation frequency of the circuit, the (jondenser systems have insufficient 
time to completely charges and discharge and therefore E drops. In general, 
the maximum E, for a given applied (harge r/y, occurs when the freqiKTicy of tlie 
ehaiiges in (\, is sliglitly less than the effective relaxation frequency of the circuit 
given hy 


^ C\C\ ... (2a) 

wlieve C,, is the mean value of the periodicall}'^ varying eapaeity of the condenser 
(K^. This roquireiiionl with regard to the driving frequency is not of much im- 
portance and need.s only t ;0 be considered rihen maximum sensitivity is required. 

0 O N S T R tr C T I 0 N A L D Ji: T A I L S 

The constructional details of the instrument is shown in Fig. 2. The conduct- 
ing system Avas formed by 18 metal studs mounted on an ebonite disc B. These 
studs, two of which are visible in the diagram, were const ructed from a brass rod 
of diameter 8 mm and wore set in a circle of diameter 30 cm Thej'^ wore con- 
nected together underneath the ebonite disc and were joined to tlie control grid 
of a low-capacity triodo valve. This disc was mounted inside cylindrical 
aluminium box C. Tlie output of the valve m'&b taken from the cathode by 
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Sli.flcl«l cable IJic . athcKlc-vay o«rilk.(!i<n.U m the reconling room ibr fnrtlier 
ainphriciition ami display. 



2. Thf> fouRtuirtmnnl details of tlio fUixmotor, (Koprodueod from 
MiUiiu imd Sfihoiiland), 

I 

The (‘.a.|)acjiv of the st-nd-grid Rystciii was 80'pF The .sereening disc A w&a I 
made of a bims sheet of 2mm thickness and 3:Um in diameter. had 18 ^ 
etpially spaced Jioles of diameter 2.0 cm whose centres lay immediately above i, 
the centres of the studs. The spacing between the screening disc and the studs 
('onld be adjusted by moving the screening disc up or down after loosening its 
clamping screws and was usually 2 mm. The screening dise wa.s rotated at the 
rate of 3000 rpiii by a shaft mounted on ball bearings and carrying a pulley w'hieh 
w^as driven by a suitable A.(b motor. 


P37-- ^ 

«(£) ;.®" (£)“ 1 



It ^riio plac-vicw t)l n poition of the rotating disc A abovo and tbo 
oboiido disc B bolow. (Roprodvicod Iron Malmi and Schonland). 

The aluminium box was mounted on the cylindrical ball-bearing container by 
mcams of a collar and clamping screws. It was possible to reach the valve w'ithout 
dismantling the two discs by loosening the screws and moving it downward. The 
framework supporting the device w'as built of angle-iron with welded joints and 
carried on a horizontal pijie which was fixed on the boundary wall of the roof of 
the observation room. 

The Avhole frame work wa,s enclosed in a rectangular earthed aluminium case 
with the top side open. When it was necessary to run the instrument in rain, it 
was inverted and m IJiis case the screening disc was below' the ebonite disc. How- 
ever, m the inverted jiosition tlie sensitivity of the instrument was much less than 
in the upward position and so it ivas very seldom used in this position. 

An essential part of the equipment was the earthing brush w'hich consisted 
of a phosphor-bronze springy fork iwessing the rotating shaft between them. 
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The surface of contact of the shaft was periodically cdeancd and slightly oiled to 
ensure a good contact. 

The purpose of this brush was to transfer the frictional charges which collected 
in an irregular manner on the screening disc as a result of its rotation and of the 
belt drive. The brush and the whole frame work were conneiited to earth. Un- 
less this earthing Mas very good, the noise level due to these frictional charges 
M'as too high. 

In order to obtain a low gi id-cajiacity and low microphonic effects, a Milliard 
valve EF87A pentode (c.onnected as triode) ivas used as an amplifier. As an 
extra precaution, it v^as .suspended on rubber groinets. The valve v^as used as 
a tathode-folloM'er and tlie output wa.s taken from the cathode through a shielded 
cable and passed to the recording room for further amjihfication. The H/T 
and the heater supplies foi- the valv'C were also provided through shielded ivdres 
Iroui the recording loom and thus the whole apparatus could be operated from a 
distance. Further anii>lilication was obtained by the Y-deflector jilatc amplifiers 
of the Cossor Model 1035 oscillograph unit which M&a used to display the final 
output. 


M E T HOB O V H E C O H B I N G 

For recording the field-changes due to moving thunderclouds and lightning 
hashes, a square-wave trigger unit similar to the one used m the Automatic Atmos- 
pherics llccoriler of Tantry (1958) was used For recording the photographs, 
a drum-camera ivas used ■with a peripheral velocity of 52 cm /sec. The time-base 
of the oscillograjih was not used and the output on the tube screen ivas seen as 
a vertical line which was screened off by a thin strip of black paper. The trigger 
unit M as expected to be oiierated by the initial slow field-change of a lightning 
discharge and would thus produce a square-v avc of (/Ma.s‘t-pcriod of about 1 sec. 
The output of this trigger unit was connected directly to the X-deflcctor plate of 
the oscillograph wdnch moved the whole vertical line from behind the screening 
paper strip and kept on in this position for one .second alloiving the vertical line to 
be photographed by the moving drum-camera. Thus the field-changes taking 
place during this one second duo to the flush could be recorded. 

IS E N 8 E — 1 N B 1 C! A T l N G B IS Y I G 

In ord((]‘ to show the ]iolarity of the electric field, the strength of which was 
measured by the. envelope of the. amplitudes of the sinuous pattern, the device 
in the fluxmeter of Malan and Schonland was incorporated in the in.strumcnt. 
This automatically inei'ea.sod the height of the eri'st of the pattern every ninth 
cycle, if the field M'as negative and (he clepth of the trough every ninth cycle, 
if it was positive. An inspection of the record thus immediately gave the required 
polarity of the field. 
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The pniicijjlc of the* polai can be understood with the help of 

3 which is the plan-view of a portion of the rotating disc A above and the 
ehiniite disc B lieloAV (as showii in Fig. 2). The plan-view shows the stud-hole 
t;()inl)inatJon of the fixed ebonite and the rotating brass discs, HH represent the 
cxiiosiire holes in the rotating disc A witli the stufls of the disi; B niomentai'il}^ 
belo\i tJieir centre, s. Tvv^o iiioi-e holes KK of diametei' 1 .S cm were placed ni the 
jio.sit ioiiK .shown Below each of these two holes were two extra studs PP' fitted 
in the two slots in the ebonite dise B These four studs were joined by wire to 
the- main studs. The phase of their eontriliution to the output could be adjusted 
by moving them m then slots 

When the disc was rotated in the diieclion of the arrow, a position uould 
coiiie wlieii the leading edges of the holes K and If would uncover t-lie peiipheral 
studs and the studs P siimiltanconsly, thus increasing the oiit])nt by the amount 
contributed by P In the absence of studs P, bolJi the crests and troughs Avould 
mcrease m amplitude in this position. Howev'^er, immediately after this position, 
the htuds P' would get exposed, anIuIc all the other studs ^^■ould be screened off, 
,so that tlic ('oiitril)utioTi by the .studs 1*' uoubl bo opposite in sense lo that of the 
other studs V By the ad|ustin(mt of the position of the P' studs, it was possible 
to ncutrali7,e the contribution of the P studs duniig tlu* half-cyele A\hen they 
were exposed 


(! A L [ li R A d’ I 0 N () V T I f li T Ts^ S T R TJ M R N T 

The instrumeiit was c-alibrated w'ltli the help of a circular dise of galvauizisl 
iron of djameter 45 em and maintaining it at a constant potential -difference vitli 
resjiect to the earth over the screening disc, sueJi that iJie eentre.s of the tvo A\i*rc 
m the same vertical hue. 3he distaiiec between the ebonite and tlie galvanized 
discs wa,s vai lecl and the resulting variation in tlie amplitude of the wave-pattern 
was measured A curve showing the distance of the galvanized sheet from tJie 
ebonite disc ami the amplitude was draiMi Tins curve was used for ineasuiing 
any unknown field produced by the thundei«cloiids. 3^1ic calibiation graph is 
shown m Fig. 4 


,S E N S r T I V 1 T Y AND !• E B E (J B M A N C E 

liie insti llment UBcd by ns n»vo a peak aiiiplitudo of I eni. in a field oi' 
00 y/m at the inaMinum amplifieatmn and thus enuld easily indieate the cleetrio 

hold of fine H-eathcr which was of the, order of 80 V/iji. The noise Jove) in tho 

laboratory was about 2 ,nm. at (he inaxiinnm ainplifieatiou. The trigger eireuit 
could easily be eperated by lightning flashes at distances ol 10 k.u or less. 

ming the ram when the «ir»ngcmcnt aras inverted, it gave 1 / 0 th of the above 
sensitivity, when the laitatingdiso was one ineti-e from Urn boundary wall in 

the horizontal du'cetion and one motei- above tho ground 
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SometimoH, the electric fieldn of nearby thunderstorms were so large as to 
require reduction ot the amplilication, so that the deflection in the oscillograph 



— > Distance from IJio galvanised sheet to the studs in cm. 
l''jg 4 , The calihration graph showing the electric field for various distances 
hetwocn the ebonite disc and tlie galvanised disc. 


w as not to go “ofl’-seale’. 'riiis was easily done by the adjustment of the stopped 
attcjiuator of the oscillograph unit. 


T II li: R 15 8 P O N S K TIME Oh’ THE INSTRUMENT 
Ctuisider a (diargc +<3 induced on the upper surface of condenser system by the 
electric iield Jj), Lillee lH ^ , where <r is the surface density of charge on the 

ci.»jideus(‘r surhute and is equal to QjA (A being the effective are^ of the system, 
and K the site-correcting factor), wc have 


477 Q 
K ' A 


( 3 ) 


Any Huddiui change Ait" in the electric field-strength must produce a change — AQ 
in the charge on the upper surface of the system, so that 


-Ay = - ^ . AA' 
An 
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A (joiTespuiiding opposite chftigo \-dQ imirit appo.ar on tlie lower surface. If 
the lield-chaiige oc(,urred dining an exposure interval, the I’osponse of a device 
of this kind would he instantaneous However, it was possible to sliow that the 
final steady value of the amplitude was less than the initial response and tfiat a 
certain tiine-uitcrval was needed to reach this steady value. 

IC X 1* JE K I M JO N T A ]. It JO S U 1. T ,S 

The sensc-uidicating device showed the polai’ity of the electric field due to 
thunderclouds. In the case of negative field, the heighf' of the eresfi of the sinuous 
pattern was found to increase aftcT every ninth cych', while in the ease of posi- 
tive field the de]jth ol the tiough was found to increase- oveiy ninth cycle. A 
typical fluxnieter record showing positive electric field is shown in Fig. 5. The 
magnitude of the electric field was obtained by measuring the aniplitude of the 
erivclojie of the sinuous wave pattiun. 



(ii) 

(in) 

(iv) 


ilie following experimental results were obtained from the fiuxmcter records. 

(i) The initial electric- field due to thunderclouds was more otteii nega- 
tive than })osit-ive. 

There was a steady decrease of the negative field with time. Some- 
times the decrease was slow ami indicated minor variations. 

IJie negative field w^is .sometimes found to increase to an optimum value 
w'hieli w'^as followed hy a eontinuous dec.reasc. 

Ihe po.sitive field m many eases was found to nierease attaining an opti- 
mum value, after which it wwis found to decease passing Ihrougli 
zero to a negative value wdiich after attaimiig an optimum value w'as 
found to decrease steadily with time, 

AKtciaflydccreaKc of (,Uo m-gat.vc field w.lJi Uii.e is shoHii in Fig, 0, A slow 
< ooiease of tlie negative held with iiiinor vanatioiis is shown in Figs, 7(a) and (h) 
A gradual inerease ol the negativi- field to an o].thnniu value, followed hv a oouti- 
nuous decrease is ilhisturted in F,g. s. Figs i)-l(» ,ll,«trate elertrie fiel.l- 
variations where tin- positive liehl was louiid to n.rrease to an opthnniu value 
after wJneh It was found to ileeimsc passing through .c-ro to a negative value 
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wliitih after attainiii^^ an optimum value waa found to deerea^je .steadily vvith 
time. 


ZU4U ZUM 2110 I.S.T 



Fi^ 7. Nhnv rt’CToaso of lh<' iiogal ivo fiold with minor v.xi’iiitiouH 


Its ms ms IMS IMS not isis 
0 | ^ 



Fi^. S (iiaiUml iiKn'onso of Iho uogat.ivn fiolcl to an opl uim 
vnluo followod by u eonl.inuous dorronso. 

1 N T F F F H F T A T f (> M S O W T If F F B S E R Y E B S 3. O \V 
V T JO L T) - V A li 1 A 1’ 1 () TC S I 'J’ If T 1 M E 

We shall consider liore the possible types of chargc-distriluition in a thunder- 
cloud : 

(i) The thunder chmd may be negatively charged. 
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(ii) Tho may l)e bipolar with a ])f).siiivo oUargo at tho i,op 

and negative charge Iwdow. 

(iii) There may be a pocket i>f positive eJiarge at the base of tho cloud just 
below a doublet with positive charge at. the top and with negative 
cliargc below. 

The pocket of positivi' ishargc at tho base of the cloud was first observed b}'^ lyinipson 
(1020) and by iSnnp,Hon and tSc.rase (1037). The subsequent photographic and 
oloctiii;al obsei vations by Malaii (1052, 10.54) in South Africa confirmed the fre- 
quent. existence of a pocket of positive charge at the base of a thuiidcridoud. 
His statistical studies of the electric fields showed that the average value of the 
lower po.sitivc charge was about H-10 Coulombs, the charges liigher up in the cloud 
being resiiectively —40 and +40 Ooulombs The average heights of tlie lower 
positive charge, the negative charge and the higher positive ciharge were taken 
as 2.r)km, .^.0 Ian. and 10 km. respectively. Accepting the numerical values 
given by Malan, we have calculated the values of the electric field at different 
distances measurerl from the- point of pi’ojection on the ground of the cloud charge 
or charges. 

Kor the sake of calculation, we Jiave used the JblloAving cxju essions for tlio 
electrie field duo to thiindorcloud at a distance r on the ground from the point 
of projection of the cloud charge or charges • 


(i) 


E = — 


... (5) 


m the case of a simple negative cloud of charge -q., at a lieiglit h. from the ground. 


(ii) 


]ij ^ 

(/q2,j y2)3/2 




(0) 


m th(* ca.se ol a bipolar idoiid where the positive and the negative charges arc 
and -rya at. heiglits /q and h, from the ground respectively. Here thi‘ magiiitiirh* 
of the positive cliargc q^ is taken equal to that of tho negative charge - q.,. 


(iii) E 


2q,h, 


2q^h2 




( 7 ) 


in tlie case of a of charges and 1 5, „„ tJie clou.l at heights of 


respectively in the same vertical line. 


/q, Ajj and h 

The variations of the electric field E with distance r with the three possible 
Ohargc-distributions on the cloud are shown in Pigs. 1 ] (a), (h) and (e) It ..an bo 
seen from Kg. I , (a, ,fiat in tho ease of a simple Igafl: llo.id, he fiel 7,1 
point immediately under the cloud is negative and the negative field debase 
with the increase o, r tending to a zero value. In the oa™ of a bipolar cLud 
IS evident from lig. 11(b), the field underneath the bipolar clou.l is negativ; 
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and the negative field dcureafies with the inwoase of r to the zejio value at Horao 
critical distaiKse r^. anrl hcc-oines pofiitivo and remains positive as the distance 



Fips. & 10 Tho oloctTJO field varintioiiH where tho positive 
field was fomid to iiicrense to an optimum valun 
after whieli it was found to deeiPOBe passing 
thi'ough zero to u negative value which after 
attauung an o])tiuin value was found to doei’oase 
steadily with time 

increases. In the case of a lower positive charge under tho doublet, it can bo 
seen from Fig. 11(c) that the electric field just under the syst.em of charges in the 
cloud, situated one above another in a vertical line, has a positive value which 
doorcases steadily with distance to z.oro, becomes increasingly negative and 
attains an ojitinium value, the negative field decreasing once again to zero and 
attaining posit ive values with further iinu’easc of the distance. 

The steady decrease of the negatwe field with time, shown in Fig. 6 can be 
explained as due to the drift of a simple negative cloud from above the observa- 
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tioTi coTitio. JXS IS (‘Vidnit IjoiH tho ciirvc; shown in 1 l(ii). Tbo grnrluiil do- 
crciisf oi tho nffjfiitivt' /iolrl to an optninriii v^aluo followed hy a (‘ontimions dooreasi^ 
( an also ho attrihul od to the drift of a simiilc nogjativo (iloud. If wo assnino that a 
no^nitivo oloiid apjiroachos tho oliservation oontro, it is oxpe‘ctofl that the nogfative 
olootij(“ iiolfl Mill Jiioroaso steadily and attain an optiniinn value when the eloiid 
collies ]iiHt ahove the observation eentre. As the cloud recedes further and 
further, it is also (^xjieeted that (he negjative field v'ill degrease steadily tending 
to the zero value. iSuch expected variation of the eJoelric fielc] -with distance 
IS siTuilar l.o the observed variation of electric field w ith time shown in Fig. S. 

0 2 A 6 e 10 12 14 



I I. 'PJio cvpofitofl vn nations of tho olocliic 

witli (lisl-ancn with the thioo po.s.sihlorhinKc- 
(listriliutions on tho cloud. 

The electric field variations showui in Figs. 9 (a, b) and 10 (a, h) can be ex- 
plained as due, to the iiiovenieiit of a elouil, where there is a system of charges, 

I 9i’ — I </. 3 , one almve anothei in a verlical line. Tfsuehacloud approaclie.s 
the observation centre, it is evident that the jiositive field wdll increase and attain 
a iiiaximiini value when the cloud comes just above the fiuxmett'r. As the cloud 
recedes further and further, the field variation with distance vdll be as shovm in 
Fig. JJ(c). The obseived variations of the electric fieJil with time^ illuslratefl in 
logs. 9-10 can therefore be explained with reference to the computed curves shown 
in hig. 11(c). There is however a significant difference hetweeii the expected and 
the observed electric field variations. The expected variation shovm in Fig. 11(c) 
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indie atoH iliat when tlie cloud nxovos away to a great distance, tlic field should 
attain once again a positive field. Tt can he seen from the observed field -varia- 
tions shovri in Figs. 9 and 10, that the final value of the electric field nevcj- reached 
a zei ‘0 value and was always negative . This significant feature in the observed 
field- variations was most likely due to the cfleet of negative charge —q^, distri- 
buted over an extended region in the cloud. In the theoretical formula (7) the 
charges H-r/i, —(/a I 'Za considered as localised and situated one above 
another in a vertical line. Actually however, the charge ^ t/jj is not localiserl ni 
a particular region but extends over a wide expanse in a thunrlercloud. The pocket 
of positive cargo, -\-q.^, at t he liasc of the cloud is more or less localised. The higher 
positive charge, { Qi is also not as extensive as the charge -q^. 

The decrease of the negative field with time, (attended at times with miiioi- 
variations) showm in Figs. 7(a) and (b) uas often obsei-vod The decrease of the 
negative field with time could also be due to the mov^ement of a bipolar cloud 
away from the observation centre. It is to be noted that final value of the ob- 
ser\'(’d electric! field was always negative, and the positive field for the laiger 
values of r, as expeided from the formula (0) in the ease of a l)ipolar eloud vas 
never observed. This cannot lie taken to mean that there were no bipolar clouds 
during our observations. AVe are however inclined to the view that the expee.tcd 
positive field at largo distanees in the case of a bipolar I'.ioiid is masked by the 
I'Heel of the negative charge, — uhieh is not localised but is distributed over 
an extended region in the eloud. 

The iiiinoi chaiigt‘S in the observed electric field due to a moving thunder- 
cloud are likely to be due to changes in the charge distribution in the cloud and 
occasionally due to the local discharges within the cloud. The sudden (hops 
in the electric field due to local discharges are marked 'D' in the curves showing 
the observed elettiic field -variatiims with time. 


C O L tr S I O N s 

The Iluxmetei' observations of the electric field due to thundercloud have 
been explained as due to the movement of thunderclouds. The observed field- 
variations have eonfinned the frequent existenee of a poeket of positive charge 
at the base in addition to the usual doublet in a thundercloud. In many (!ascs, 
the field- variation with tinu' was due to the movement of a simple m'gative eloud 
or to a liipolar eloud. The effect of the negative charge -r/o, extending over a 
veiy wide region was clearly evident in many of the observed field-variations. 
The minor field changes observed wore attributed to changes in the chargi'-distri- 
bution and to occasional loi'al discharges ui the cloud w hich were distinctly visible. 
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INFLUENCE OF ULTRAVIOLET ABSORPTION FREQUEN- 
CIES ON THE INTENSITIES OF RAMAN LINES* 

A. K CHAKRABORTY 

OpTire Depabtmjsnu', 

Indian i^sHociAXiON I’oii thk cuj.tivation op Sciionce, 

Calc!otta-32. 

{Ucceivcd Jmiuart), 25, 19(12) 

Plate I 

ABSTRACT. I'lio inionsiti<*8 oi llie Hiinuin line 1948 cm-i of tho NO:- group in thn 
soluiions of four iiroimitii- nitro ooiiijioimds in oliloroform have boon coinparod quantitatively 
wifli (|j<i iriton«i(y of llio linn l2]o enri ol diloroforin from the Kanmn Kpocti'a of dilute hoIu- 
lioriH of tlio eompounriH of known strongtlw in chloroform. Th- olwjivcd i-'lativc intonsitiefj 
ol ihf' linn duo to Hi 3 NOj group m the diffoinnt coinpounda have been coinparod withthoHO 
ludir'utnil bv th“ tliooriofi put forward by Placzolc (1934) and Whoiygin (1952), For this pur- 
poHc llu) ofloi'tiN', uhruviolot abHorpliori froquoncics huvo boon doti'rniiiiod by iihotogra piling 
llitv ull I'm lolct abtiurptioii apoclra of the solutions 

It lias boon eoneluded that tho i^iills obsorvod ng«H) moro witb thoso indirntodby iMue- 
/.ok'n Iheoi'Y Hian Mith tlioho ealeulalcd on Shoi'vgiiiB tlioory. Tho eauiie for tlnw diserapanr'i 
IjilH b(vnn disciMsod. 


INT’KODirCTKJN 

[t was first jiointnd out by Piaezok (1934) that when the frequency v uf the 
lucjiliMit light IS not iiinch sinaiier than an absorption frequency of the irnuliated 
niuleculo the nitensity of the scattered radiation of frequency is given by 

tiio equation 

va„)VKa-v)‘^ (1) 

wluu't^ (' IS a constant for the excitation ol a particular Paiiian frequency by a 
jiartjcuJar incident frequency v When v is very nearly equal to a damping 
term - l/inTf is introduced in the parenthesis in the denominator, t,- being 
the life time of the stationary state r. More recently, Shorygin (195:^) put forward 
ri theory of tho resonance Raman effect under the simplifying conditions that 
(1) the molecules arc in a non -degenerate electronic state, (2) they are oriented 
identically in space and (3) the interaction of spin with the incident magnetic 

♦Coniriiimieatud by Prof. 8 C. Sirkar 


lf)l 
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field IS absuut.. Aecorchiif- to tins theory, when a single absorption Iroquoncy 
V,/. is effective the intensify fjj of the Raman line is given by 


4 

(v,r-vT 


Later, Rea, (lOOO) discussed the implications of Shorygiii's theory and jiointed 
out that according to this theory the limiting value of p, the factor of depolarisation 
of the rcsonan( 3 (‘ Raman line should be 0 50 and he obs(.‘rvcd thaf. the values of 
() for the line due to synimetrie stretching vibration of the NO^ group in solutions 
of vi-nitrophenol, p-introanilme and sodium p-nitrophcnulate in certain solvents 
are 0.52 0.54. 0.00 respectively He concluded that these results supported 
Shorygiii's theory. 

It can be semi from eijuations (1) and (2) that the results exjieeted from the two 
ihooru'S are (pnte diffeient from eaidi other and the eorrectncss of the expressions 
for the intensities can be tested only hy comparing (juantitatively Uio intensities 
of the Kainaii lines of different eoin|R)unds the frecpierwues of the nearest, absorption 
bands of which are detinilely known. For this puriiose it is necessary to compare 
the interiHitv of the Raman line due to the compound in solution w ith a particular 
Raman line of the solvent \ihieh lies very close f.o the Raman line of the solute 
chosen for the purpose. Shorygin (11)55) lepoiled the resnUs of investigation of 
the relative inLensities ol Ihc Raman line due to the symuietrie stretching vibra- 
tion of the NOii group in a lew aromatie intro com])oiiiids, but instead of measur- 
ing the relative, intensities hy ehosmg a reteienee Raman line of the solvent, 
he dctei mined tjie strength of ahsorptioii ol the exciting line in the different 
solutions Also, the expected theoretical value.s of the intensities wei e nut given by 
him. It is. th(“ielore, dilfieult to judge whether the results repoited by him 
agreed more with Ins theory tJuUi with the theory given hy Plaezek (1934). 

I’lie present, investigation was undertaken to coinjiare the relative intensities 
of the line I34S ciir^ due to NO^ group in a few aromatic lutro comjioiinds wilJi 
lespeet to the intensity ol the 1215 enr' line oi elilorotorm and to find out which of 
the two theories mentioiiod above could explain the lesidts more accurately. The 
ultraviolet absorption sjiectra of the solutions w'orc also studied in order to find 
out tlic lovvest absorption frequencies. 


E X 9 K K r M 10 N T A J. 

The compouiid.s chosen w^erc /i-cliloronitrobcnzene, yi-iutrophenol, l-ehloro, 
2, 4-dniitiobenzenc and p-Tiitroaniliiie, and chloroform was used as the solvent. 
The stri'iigths of the solutions used were 0.025, 0.029, 0.02 and 0.003 mole/Jitre 
respectively. In the cases ol the lirst. and the third compounds solutions of 
strengths 0.25 and 0.2 mole/litre were also used. The liquids w'ero distilled under 
reduced pressure in order to get rid ol the coloured impurities A Fuess spectro- 
graph having a dispei sioii ol about 1 1 .5 A/iiuu was used to iihotograph the spectra, 
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Miorophotoniotrio records of the spectra were taken with a Kip]) and Zoneii 
reciordinfj spcotrophotomoiei*. Ilford Zeniilx plates were used to pliotograph 
the spectra and a, blackening-log intensity curve for the region 4600 A was used 
to measure the relative intensities of the 1215 enr^ line of chloroform and the 
1348 cm"^ lino due to the NO^ group in each of the compounds. In the cases 
of p-chloronitrobenzene and 1-chloro 2, 4-dinitrol)enzene the relative in tensities of 
the two lines were measured from the spectrograms due to the two different solu- 
tions of each of the two compounds in oi'dor to find out whether the relative 
intensities wore proportional to the concentrations. 

The ultraviolet absorption spectra of the solutions were recorded with an 
Adam Hilger E 1 quartz spcctrogi’aph, iron arc spectrum being used as com- 
parison in each case. 

UESULT.S ANJ) D I R 0 If 8 S I O NT 

The Hainan spectra of some of the solutions excited by the Hg lim* 4358A 
are r 0 ])roduceil in Figs. 1 -4, Plate T, in order to show approximately the j’elativc 
intensities of the 1215 enr'^ of chloroform and the lino 1348 cm“^ ot the NOa group 
in each ease*. The ultraviolet absorjition spectra ol p-nitrophenol and p-nitro- 
aniline are also rcjirodiK’-ed in iigures 5 and 6, Plato I, in ordfu’ to show the long 
Avavelength limit of the region of absorption. In the case of p-nitioanilme a strong 
continuous luminescence band appeared in the region 4500 A-4800A, but the 
line (lm‘ to the NOo group being slightly less intense than the line 1215 cm-^, 
it was not very difficult to measure the relat.ive intensities of the lines within a 
limit of error of about 15%. 

The Hainan frequencies of the line due to the NO^ group in the solutions of the 
difterent compounds and the ratio ot the intensity of the line to Uiat of tlm lino 
1215 (; 111 “^ reduced to the value for a particular molar concentration of the 
solutions are given in Table T. The. wave numbers of the nearest ultraviolet 
absorption bands of the solutions of the compounds in ehlorofonu are also 
included in the table The wave iiuiiiber of the exciting lino is given m the last 
column of the table 


TABLE I 



(Jofupoimd 

Ar(-'fOa) 

111 nil"* 

Cone. 

Molo/Jdixi 

t/l/IiilB 

Vyk 

HI eiu-i 

V 

in ein-i 

(«) 

p-lJhloro- 

nitvolwn7.one 

1 ario 

.o;{ 

1 : 2 

35400 

23000 

(h) 

l-(1iloi'0’2, 4- 
dinit.robrnzicno 


.03 

0 9 ; 2 

35000 

23000 


p-Nitvopli«nol 

i:u(i 

.03 

3.5:2 

30200 

23000 

(tl) 

^j-Niti'oanilinc 

1 IMO 

.003 

1.4-2 

■20600 

23000 
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The absorption froquoncies for p-nitroaniline and j>-nitrophenol coi^respond 
to a.bt)i]t 3759A ami 3310A and those wavelengths are slightly larger than tlio 
wav( 5 longtIis at tlio centres of the absorption bands. As the absorption at these 
longei‘ sv^nvelengths is cpiite strong its influeiieo on the inionsity of the Raman lino 
eannoi. be nogleetod, and therefore, these fi-eqiioneios have been taken into consi- 
deration in the (ialculations. 

The ratios of the intensities of the lino due to the NO^ group in the different 
compounds are shown in Table II along with the values expected from 
Ecjs. (1 ) and (2). In cahjulating these theoretical values the absorption frequonoios 
given in colunin 6 of Table I have been used. 


TABLE II 


Rntio 

Obaervod 

Thfior. 

Bq. (1) 

Thoor. 

Kq. (2) 

Kb) l(n) 

0 <) ; 1 

0 00 ; 1 

0 04 ; 1 

!(,) 1(a) 

3.“) : 1 

3 0 .1 

K 3 ' 1 

T(d):l(a) 

14.0 • 1 

1 1 .0 I 

151 K : 1 

T(d) l(c') 

4 0.1 

t 0 : 1 

IS .3 • 1 


It is evident from Table IT tliJit the observed values of the ratio of the 
intensities of the Raman line due to the solutions of the different eomponndff ngi'ce 
with those calculated on THaezek’s theory, bid they differ \"erv vddoly from the 
values given by Sborygin's theory. The results also show that viien the alisorp- 
tion frequency is very much larger than the exciting frequency as in the oases of 
j;-chloronitrobenzcne and 1-chloro 2, 4-dniitrobenzene, the Jiiflucne(‘ of the absoiji- 
tion frequency on the intensity of the Kamaii line indicated by the two theories is 
almost the same and it is very little, so that the intensity is not altei’ed appreci- 
ably by ii change of about 200 cm“^ in the absorption frequency. 

The results discussed above arc (piite different from those reported by 
Shorygin (1953). The cause for this discrejiancy is proliably the difference between 
the method of measuring the relative intensities of the Raman lines adopted by 
him and that used in the present investigation. In Shorygin’s method the relative 
intensities were ostnuated bv finding out to what extent the incident line was 
absorbcH by the solution, but it is difficult to calculate such loss of intensity of 
the incident line while traversing the solution, because the Raman line is excited 
by all the molecules at different points in the path of the incident line and the 
intensity is different at the different points, 8ueh a source of error docs not oC(*ui’ 
when the intensity of the Raman line is compared with that of a neighbouring 
lino of the solvent, 
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Raman spcara 


r'lg i. Solution of /?-chloro-nitro-benzcne in chloroform (0 025 moJe/litre) 
Fig 2. Solution of I-chIoro-2,4 dinitro benzene in „ f 0.2 „ ) 

Fig 3. Solution of /J-nitrophenol „ ( 0.029 „ ) 

Fig 4. Solution of p-nitroamlme „ ,, ( 0.003 „ ) 



Fig 5 

Fig. 6 



Ultra-violet absorption spectra 
Fig 5. Solution of p-nilrophenol in chloroform 
Fig 6. Solution of p-nitroaniline in chloroform 
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OONCLUSrONS 

The results given in Table IT and the above discussions lead to the conclu- 
sioii that when the absorption frequency of a compound in the ultraviolet region 
is not much larger than the oxciting frequency the enhajicement of the intensity 
of the Raman line due to the influence of the absorption frequency is satistjio- 
tonly explained by Placzek’s theory. The assumption made in Shfirygin’s theory 
tliat all the molecules arc similarly oriented in the liquid has no justification and 
Ihis assumption may be responsible for the wide discrepancy between the results 
observed in the present investigation and those deduced from Shorygin’s theory. 
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ON THE INFLUENCE OF DIFFERENT SOLVENTS ON 
THE SINGLET-* TRIPLET ABSORPTION IN SOME 
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ABSTRACT. The rontimioiiH absorpiion in tlir ftliHOipition apoctni in tlu' in nr nltra- 
Moldt. ri'gjon nl oi'llioliromoLolupno, pnrndilorotokicno nnd mctnflnoiotolucim in thn Injiiid 
.stiiLo vyiMi pniJi loiiglhs of 7 mm., L5 mm and 7.4 mm hiia liocm rompim'd witli thiii dun lo 
HolntimiH of tlio compuundH in })yridiiu\ chlorol'orm and nthvl bjolnidr wiHi 0((uiviik'nl putli 
Icngtlih ni (ho room tompornUne. 

11 IS obsoi\()d tlial whoii tbo o-briimoioliiono la diKHolvcd in clilororoim tho ( ontmuoii', 
ubisorpiion duo to tlio Hiiiglol.— ► tnplot (raiiHition in tlu rogion ‘iriOOO — 2S()()() cm”! bo( oincs won- 
ktj but tbo Koliitiori in pyridiiio doe.s not abow any ( linngo in tlio ntiHorption Yvhilo Lbat in rlb-N 1 
bromido h)iow,s n litllo slrongor absorplion in tbo logion montionod aIjono. In Ibc rnao o| 
p-(']iloi'OtoliiiTio tho aoIvcniH pyridinn and cdiloToform sIioav no oJinngo m tbo iilworjif ion Hpcolin, 
l)Ut otlivl hroinido imueiiHOH llio stronglli of the nbaorplion. Tho infliioiur u( the hoUonls 
m (ho caso of ?a-fluoi‘otohiono ih similar (o Ibal ohsorvod in tho oiisr of p-( hlorotohiorio. 

It liiiH boon (onoliidod that tbo woakoning ol tho aliHorption in aolul ions in some o( 
tlid solvonts iH partly dur lo bionkiiig up of (bo a.sKOoiatioii of tho iuoIoimiIos 


1 NTB ODirCT f ON 


The mfliieii(!(* ol lioiwy ntoiiLs in the iieiglibonving niolcTtiles on the RlToiigUi 
ol Ihe Singlet— iibsorpiion exliibitofl by some organie molee.nles avii.s first 
stiulicd liy Kasha (1952) and later, such influence Jias been studicfl by many w'orkers 
including McOlynu itnd Kasha (lll.M), Mc.Glynn (1956), I’adhyc and Patel (19.'56) 
and Kobertson and Roynolcis (195S). 


The influence of neighhoiirmg molecules of the same kind on tJic singlet-> 
tri|.let, absoj'iitinn in some halogen s.ibatitutcd toluenes and benzenes m tho 
liquid and vapour states was studierj recently (Sirkar and Roy, 1960; Roy, 1961 
a, h) and it was observed fiorn a eompanson of absorption in the equivalent path 
lengths of each of the coiuiwunds in the liquid and vapour states that the region 
of absorption shifts towards longer wavelengths with the hquofaetion of the vapour, 
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the niagniiiide of the shift being dependent on the atomic weight of the substi- 
tuent atom, 

Forster (1957) on the other hand studied the singlet ^triplet absorption in 
solutions of biacctyl in diiferent solvents and observed that the absorjition in 
solution in hejitane is inucli stronger than that in the solution in pyridine. Ho 
attributed this diminution in the strength of absorption in the solution in pyridine 
to increase in the separation of the vibrational levels due to interaction of the 
nitrogen atom with tJie biucetyl molecule. It was not known, however, ^vhethcr 
such an influence on tJie singlet— ►triplet absorption in other molecules takes place 
when pyridine is used as the solvent. 

For this reason it was thought worthwhile to make a comparative stmly of the 
influence ol solvents such as ethyl bromide and chloroform with that of pyridine 
on singlet— > trip let absorptions in some halogeiiated toluenes and the results have 
been discussed in the jiresent paper, 

E X P E K J M E M r A h 

hor studying the influence of solvents on the alisorptioii Hjiecti'a the subs- 
tances chosen in the present investigation are ortliobromotoluene, parachloroto- 
lueno and metulluorotolucne. (Chemically pure varieties of o-bromotoluene 
p-chlorotoluenc obtained from the British Drug House, Kngland and w-fluoro- 
tolucno from Eastman Kodak (.’o,, U S.A. were liistilled several times before 
use. The liquids ethylbromide, chloroform and pyndine supplied by E Merck 
were also Iractionally distilled several times under redueoil pressure before being 
iiseil as solvents in the present investigation. 

The experimental arrangement for recording the ultraviolet absortion spectra 
of the substances at the room temperature was the same as that employed in the 
])r(‘vious investigations (fSirkar and Itoy, 1900, Roy 19(ila) The absorption 
spectra of the substances in the vajiour state were photogiaphed first by filling 
(he IS. 90 metre long absorption cell with the vapour of the compound, s at the satu- 
ration pressures at a bou 1 24''G. The pressures measured carefully ^vith a differential 
manometer were found to be about 55 mm, 50 mm and 60 mm of Hg 
111 tlie cases of ortliobromotoluene, parachlorotoluene and meta-fluorotoluene 
lespcctively. The equivalent path lengths Mere, 7 mm.. 65 mm and 7 4nim res- 
pectively for the liquids and 7 cm., 6.5 cm and 7.4 cm respectively for the solutions 
of the three licpiuls mentioned above. In each ease tavo eiiiiity celts of loiigth.s 
e((ual to eipnvalent path length for the liquiil and the solutions M ere first placed m 
the path ol the beam while the absorption siiectrum due to the vapoin ivas recorded 
with a cell of length 1890 cm. The long cell was then evacuated and the short 
cell for the liquid nas filled with tlic pure liquid and the absorption spectrum of 
the liquid was photographed by the side of tlie spectrum due to the vapour. Next, 
the liquid was poured out from the cell and the short empty cell for the solution 
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fiHerl with tho Noliition oftlic liquid and its absorption spectrum was photo 
^napjii'd by IJio side of (ho spectrum due to the liquid. An Adam Hilgei' medium 
quart z speetrograjili giving a dispersion of about 22 A/mm in the 350 ()A region 
was nsod lor tins purpose Agfa Isopan films backed by metal plates were used 
t'oT pilot ograpJiing the spectra Iron arc spectrum was photographed on each 
sjjo(!tiogi‘aiii as conqiarison Microjihotonietric records of the spectrograms 
iNoro obtained e ith a self-recording luicropJiotometer made liy Kipp and Zonen. 
'riio A\avoloiigths in the continuoiis ahsorption spectia wore measured by drawing 
a sliarj) line across the spectrogram iii the position of a known iron line in the ad- 
jacent ir(m arc spoetnim and comparing the microphotometriu record of the iron 
arc spectrum ivilh that of the absorption spectrum. 


n rj s u L, i K A jm d 


-L* j o I.. u ri rs I i) M 


TJip ini.T<ipli(ilouiettic loionis nf the ahsorpl ion appclia due l„ solutioiiK of 
oi tJioliioinotolueiic, )iai,ieii(oio(oliieiie und inclafliiorotoliience in iiyiidinc. eliloro- 
lovni and ethyl l.i oniide are re))rodti< ed ill Fin. I -‘t. rospeetively. The imeiophoto- 
nietne roeo.il oi'tlie .speefumi due io U,c pure liijuiil j.liotograplied on the speetro- 
gram due to eael. of the solutions i.s also reprodiiecd alony witli the rwiord oi’the 
sped, rum due Io the eorrespou<li„n solulion hoeaiise the spedra jihotographed on 
•liflerdit hims and developed sopaiatoiy may not have the same eont.rast and 
l.lackemi.n The wave iiundiers determined with tlie help of the rveord of the 

iron are .speetrum on u lneli the roferenee hue 4 (l 4 oA was marked arc also mveii 
111 these hgures. ^ 

A eompanson ol the curves due to llie solution of o-liromotnluene i,i pvi'idino 
nth those for the pure licpiid photomaphed under identical conditiniis on tho 
diedioniam due to the soli.tiou and reprodueeiJ in Figs. 1(a) and 1(h) .show thal 

mature., ahsorptioniutlunsohitioiiuipyridi^ 

man tiiat ot the curve m Fur iMi^ m tl,w. 4^1 ^ ^ ' 

Uekgroundonthelormerspeetriiui. Figs I (e) anrS' on 7 d ^ I""'!'"'""" 

that the ahsoiption in the region -7 ptj; 

toni, IS weaker than that .11 the - •» the solution in diloro- 

absorption m solution 111 Hhyl ZL !ll'"ni I,,- T’ 

toluene reprodueed in Figl" a J, <-f T-fUlorn- 

to the pure liipud m Figs. 2(ll) ,’2(IlL„, jjn , J.*'. 

tion in the region '^4 700 - ‘N 000 -i "" «how that, the alisorp- 

i^ouKi is ibssoiveii;; py;i„,, 

solution in ethyl In-oinicK^ The i ’ ' heconies stionger in the 

produced in Figs. 3(a), 3(c) .„i(| 3/^.^ ^1 Jii w-Huorotoliumc re- 

of p-chlorotolueiic. The merease ni t ,7 strenZ niT ‘ ''"l 

stiength ul tlic ahsoriition in the solution 
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20 28 30 32 

— ► V J« oiii-i 

Bi'olnotoliuiio in pyricLjio 
(10% soUilioiv) 

Kig. 1(1)). o-lii’umotoluouo (puvo liquid) 



— > I' IH 

Fig. I(i'). o-lbomotoluno in r-hlovofonn 
(10 % Holuiion) 
Fig. 1(d) o-Bromniolmm« (pviro liquid) 



26 28 30 32 

— > P Ul OUI-* 

3-'ig. 1(0). o-r.romololumw in ethyl broimdo (10 %, soliiL-ni 1 
Fig- 1(f). o- 13 roiiiotoliino (puro liquid) 



2(iii) [t -riil()i'i)t.olii'5ii(i III pvricliiu' 
(10% soliiduii) 
Piff. 2(1 j) ^j-(Jhlui'()litjluono (j)iii(’ IkIukI) 


Kijr, 2(« ) ^)-()lili>ujLuUu‘ii(i 111 I'lihiroroi'in 
(10 % HoJiition) 
2(<1) j>-UlLlt)i-()tt)|ii(iiit) (piiio IkjuicIj 



io 2.S :io 

^ /' 111 i-ni-7 

i'ly, 2(ii) II, ctiiyi |,|<,)iii|(l,) ( l(i%Hcilii{,i()n) 

]‘’i!;. 2(r) ^J-Clilorotolurinc (puiti liquid) 
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— > V 1 x 1 cm t j/ ]n cjn \ 

Ljr. iu pyridiiK' Vig ;i(c) jxi-'hhioiotohK'iio ni chlojoform 

(10% solulion) (]0% Holuiion) 

J'jg j(>-V]iiriio\olnoiu' (|mi(' liquid) Fijr. 3(d) ?/i'F]iiorofuhu)ne (pure liquid) 



2(i 2S 30 32 

— > V in 

3(e) ii(-Fhioiolohione in olliyl bromide (10% sohilion) 
g. 3(f) jw-Vlunrnloluone (piU’O liquid) 
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in (‘Uiyl l)i (mn(k‘ in (‘.oiiipaiisoii witli that in the pure [U\\m\ in more conHpi<‘ii(mK 
in thiH rase. 

It as ioriuci’ly ohsoi vcfl (Hoy, 1 IMil ) that the Ktnmgth of alisorptioii in the 
ri'gion niontionefi above increases when Ihe vapours of these com pounds are 
liquefied, the nierease lioing more in the ease of the n-bromotoluene than in the 
otliei* tAvo Ceases. TJiis Avas attributed to the influeuee of the heavy bromine atom 
jn ihe neighboiiiing molecules m the liquid on the si nglet-> triplet transition. The 
results in the present investigation discussed above on the otherhand show that tho 
infiuence of pyridine molecules in the solution is larger than that of tho chlorine 
molecules m the stilutions in chloroform. Hence it appears that there is a second 
cause for the enhancimient of the continuous singlet->triplct absorption besides 
the influence' of HUTrounding licaA^y atoms. It appears that the association of the 
molecules m the pure liipiid and in solution in aromatic solvents is also responsible 
foj* the enhancement of the absorption In solution in chloroform probably this 
association luvaks up lesulting in partial reduction in the strength of the absorp- 
tion, This suppoj’ts a similar conclusion drrawii by His\Aas (lOob, 1957) from the 
results of investigations on the Inmineseenee spectra of the solutions of these 
compounds 

The invostigatKius aie being extended to solutions in other siiilabh* solvenls 
ill oidei to find out AA'hcthcr the above lonelusion is generally ajiplicable 

A(MvNOtVLlC]) (JMEXT 

The author is highly indebted to Professor »S. () Sukar, D.Se., P.N 1 . ftir bis 
kind intiMcst. and foi' guidance throughout the progress ot the woi'k 


n iO V 1^ K E N (i (0 S 

Bibwhr. 13 (' . lunu, Jin] ,7. Plnjf., 30, 143, 2r).'). 

]iiaw.iK. 1) (', l!).‘)7, 1). Sc. ThoMis, ralcuitu XbuMuHilv 
Kanlm, ]\I , 10.02, J (lieni. rityn., 20, 71. 

Mftbynn, S P and Kantia, M,, Hi/inpofnum on Mohculm Sirurtnre find SiurtorfiCopi/ 
(0}i]o State ITniv , Juno, 10.0*1) 

TVtf'tPvnn, S P, lO.Ofl, DisHvrtfiiivn (FJorida Stido IbiivciHity, TallaliH.s.MH, Florida, 
Jamuu'V, lOfiU). 

Piidhyo, M R (uid Patol, J (' 1956, ,7 Sd. Inil , 14/?. 206 
]tol)crtson. W W and Rcynoldb, R E , 1958, ,7 Chrm. P/ijf-t., 29, I3H. 

Roy, ,) K . lOlilo, 7nd J, Phy.s„ 35, J43. 

Roy, ,). K., 19015, hid. J Phys , 36, 628 

Sii'kar, S (! in id Roy, .) K , 1900, Jnd. ,7. Phyi, , 34, 581. 



19 

INFLUENCE OF SOLVENTS ON HYDROGEN BONDING 
IN ORTHO- AND PARANITROPHENOL 

R. B. BANERJEE anh O. K KASTFfA 

OpTICH DKPAimriiMT 

Indian Assfx’iATrnN tor tiiic (Vltivatjon op Scienck, CVLfT’fTT\-!l2 
(J{frp,ti'rd Januaiif 27, 1902) 

ABSTRACT. Influoncp nl diffnront polar and non-polai sulvonl.s on tlio hydrogon 
bonding oxliibilod by n- and p-nifciopliono] luia bom invoHtigatod by ntudying Ibo mfiarod 
Pin’f lrn wiih a l^rikin I^Jlniei Modol 21 spoflropboloinoior ^rhi rofnilts foufiriii llio oxisbmco 
o( niii’iiiuolooulav clinliitifm m llio inolorulo^ ol Ibo orllio rompound and intermolooulur 
liydiogiMi bndg«' in tbo pai.i. roinpoiind Evuloiifo of aKHOfialion of tho OH group wjtb 
nrofnno and ollior nitilociik’s in ibo Holiitions of boOi tlio rompnundH in Hicho Hobonl-s and 
vviMi iho c’hloi'ororm inolornlo m ibo sobdion of Oio jiara ronipouiul in rliloroforin has 
also boon obwMvod 

1 N r R, 0 D U (’ T T O N 

From a study of iiifvaTcd absoi'jition sjiectnim of polynryst.alliric films of 
^j-nitropliouol, (Thietli (U)r>4) Hujjseslpd that Iho ninlociilcs of this compound 
in tlie solid siati' arc mtcrmolecnlarty bonded in a ohain-liko polynicr through 
the hydroxy] group and NO^ group of neighbouring molocides From similar 
studies witli o-nitrophonol ui the solid state and in solutions it was eonohided by 
ICeussler and Ilossmi (105fi) and by Shigorin (11)59) that (be inleinal choktion of 
OH and NOo groujis of the same molende incrcasos the conjugation of the system 
and IS j'esponsiblc for the large change in the OH stndching vibiational freipiency. 
Thus the two tvjies ot hydrogen bonding in o- and p-nitrojihcnol are (piite difforont 
and it would be interesting to st.ud> the effect of polar and mm-polar solvents on 
the two types of hydrogen bonding. Infrared s]KT:tra of those compounds in 
the (.rystallinc state as well as in a number of solvents Avere, therel ore. investi- 
gated and tlie results are rejiorted in the present communication. 

H X P K R 1 M K N T A J. 

The samples of o- and p-nitrophonol were of chemically pure quality obtained 
from E Merck and wvvv further purified by repeated crystallisation from 
(by chloroform and other. Tlio soh^eiits use,d in tliis investigation vrere caridully 
dried and AA(‘re indiAodiially tested to find out if they shoAved any absijiptioii in 
the region 2S0()-:^S00 enr b A Perkin Elmer Model 21 speetropliotometer provided 
Avith Na(ll oihics was usi‘(l ito record the absorption spectra. A small amount of 
molten mass of o-nif rophcmol Avas pressed between Iaati NaCl plates to obtain a 
fliiii film of (‘rystals In tho ease of j 3 -nitrophenol thin eiystallmo films avotc 

Itill 
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oblaiiuMl by sIoav cviipoKi.t.Km of diliitt' solutions of llio (‘oiupound m etliov and in 
chlorofoi 111 spM-afl ovrs' oiu- of Ur' NaPI ])laios. .Suitable eomjjonsatioii eells wore 
us(m 1 jii the i(d'eiriif*e lieain in studying tlie spoetra of tJie , solutions. 


TyVBLK 1 


o-Njtro])lieno] , OH vibrational froipieney in cni 


Solution in 

(!r Vsi'fil 

('(Ui (tAiroi ;0 

;i2(.S R :i2:)0 ^ 3242 .S ;12()2 Vh 324(1 H 

3200 sli 


TATH.E U 

jj-Ni1i‘oplieiiol: OH vibraHunal tveiiiieney in eiR-^ 
Snlul.ioii in 

Crv.stiil - 

HlH'J., (('J-T,) 2 () 

Very broiid l.ntui 3210 kIi 3100 h 

nxlondnig liniii n3S2 s, I. 3300 uih, h 

3100 -3500 cm- 1 3585 lus 

Avilli a maMiiiiun at 
about 33(i0 t-iir' 


'0 

3238 s 
3290 H 


(cjbd.ro 
3200 s 
3370 nih. h 



b’iff 1(a) Tnfrjiji’d absoipiioii c-uiAOh 
n( fj-nitro])li('iiol 

Curve' I Pura solid (tbin film) 

Ourvn IT 5% Soluliun in diloiofoim 
(.'urvo 111 4% Solid ion in carbon Iclr.u liloudi 
Curve [V 4% .Solufionin cyi-lohoxime 



rm-l 

Vijf. 1(1.) Infmiod al nori.lnin curves 
of o-ndroj)liciif)l 
Curve 1' Pure Holid ((bin film) 

Cuivc J] 1% SoliiliU) m ('ilioi 
Cim'^o IJl 4‘y Snlulion ’a ncolame 
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KlOSULTfcS AND DlSCU««lON 

T}it5 ijifrarerl absorption curves are sJiown in Fif^s. I and 2 and Die f'r(’(|iioncios 
of tJie absorption liauds arc given in Tables I and IT In tlie (!ase of broad ab- 
sotption bands the approximate wave number at the niaxijnum of absorptioJi 
was noterl. 



300<. 3200 •'/■jro *, L,CI if>i ,.in~l 

l<'ig 2. liifmiod nliHorjiUou caj ve.s ol jj-nitroplK-'iiol. 

(!uvv(' I I'uio Holid (thin him). 

(^urvo Ji 5% tSululioii in uliloioloriu. 

Curve JJl ;*)% Solution ui olhoi. 

(Juivo^lV 5% Solution in aootoiio. 

a-J)^ ilroji/icvol 

In the speetruin of thin polyevystallme tilni of o-nilropJieiiol tlu* OH strelchiug 
lre({ueney apjiears as a shar)) band at :J2()S cm ICeusslm- and Uossmi (1!)54) 
liave pj'oviousLy lejxn ted tJie inlrainoleeularly bonrled OH trequeney at 3204 enr^ 
ni the infrared spectrum ol crystals of this coiuiKuind and piop(>sed that the 
])ossibdity of lesonanee between the structures shown in Fig. 3ta) and 3(b) may lie 



o' 

(a) (b) 

F.fr. ;v 
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res]>i)nKil)I(' fc.r the hn>!e lovvciiiig of the OH vibrational frequency. In the spectra 
of ililiite solutions of the substance in COI,. anil HCCl, only one eliarp and 

strong band cor respond mg to tin- bonded OH stretehing vibrat ion is obtained. 
As can he seem from Table 1 tliis frequency JS not appreciably different, fi-oiii that 
olrserved jn the speitrum of the crystals. This shows that the intrainolemilar 
hydrogen bond is too strong to be afleeted by the iion-polar as well as polar 
inolecule.s of the solvents This would bo expected in view of the greater 
stability of the chelated OH bond arising from the extra conjugation in the 
ring provided by the NOj group according to the resonance structures num- 
tioricd above. 

Homov(t, slijikin^^ cliaiige in the abHorpl-ioii hAud of the o-iiitroiilicMiol mole- 
iHilo IS oi)serv(‘(l when 1lu‘ Hubstaiicr is dissolvt'd in acid-oiie and in oilier. In the 
case ol dihiio Moiid'inns in tJiCiSo solvents, instead of one sJiarp liand, 1 w o absoi'jition 
jiiaKniia at about 3240 and 3200 ein-i are observed, t.lie relative intonsity of these 
belli, tr neaily the same It is suggested that the Irecpieney 3210 un-' eorres- 
porids inliamolecularly bonded OH vibrat.ional fre(|uoiiey and the other at 
3200 em-’ reiiiesents the vibration ot OH gi oil p bonded t.o the oxygen atom 
of the solvent moleeulos as indiealed in Figs. 4(a) and 4(b). 






•}}-N lira })h mol 

The ispec'truiii oi a tlini polycrystalline film of p-nitrophenol shows a very 
broad band witli a maximum at abniit 3300 eiir ^ Tliis probalily Lorresjioiids 
to lilm broad liaiid at 3330 cm-' leiiorted by (linnetti (1004) who attributed tliis 
to the vibration of the Oil grouji associated with the NO^ group oi a iieighboiniiig 
liioleeiile ami toi'iuing a polymej-, Jii the speetrum ol p-niti'ojihonol in solution 
111 ehlurufunii three bands with maxima at 3585, 3382 and 32 1 U eiu"^ arc 
obsi'jved. 01 these, the first baud w'hidi is quite sharji and intense obviously 
corresponds to the band at 3504.5 ciir^ observed in very dilute solution in OCi^ 
(Ingiaham fial, 1052) and I'opresents the streiehiug vibrational freijueney ol free 
OH group. The ap])eariince of the bami at 3382 cm ^ indicates that ail the OH 
gjoups 111 ^J-nitrophenol molocuh^ arc not free, but a good number ol them remain 
inter iiioloc 11 larly associal.cd in chloroform solution. Witli increase, ni dilution^ 
the intensity ol this liaiid is lound to (limiuish gi eatly. In the very dilute solu- 
t-ioii in CCI,i almost all ol the polymeric groups are broken up, as is evident from 
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the results of Ingraham et al. (1952) who did not observe any band corj'es- 
ponding to the frequency 3360 cni-^^ The third band at 3210 cin“^ may arise 
from an association of OH group of p-nitrophenol molecule with the polar 
molecules of clilorolorm. It may be pointed out that in the (‘ase of ethylene 
chlorohydrin such an association was shown to l(nver the Oil vibrational fre- 
quency tt) about 3200 cm ^ (Mazumder, 1959). In the cases of llie o-nitiophenol 
molecule, the strong intramolecular chelation obviously does not alloAV such 
association with the cldovoform molecule. 

In Uie spectra of solutions of p-nitrophenol m acetone and in ether, the fi’ce 
OK vibrational fiequcncy is t/otally absent, and only two bands at rbout 3370 
and 3196 cni~^ in solution in acetone and at about 3390 and 3200 cm ^ in solution 
in ether, are observed The frequencies 3370 and 3390 cm“^ observed in the two 
solutions correspond to the vibrational Ireipie.ncy of the interinoleciilaiiy bondeil 
OH group observed in the case ot the crystals. The Irccjiiency at about 3200 cm*' 
observed in botli the solutions may be due to the vibration of OH group associated 
Avith the oxygen atom ot the acetone and cthei molecules as proposed in the cas(^ 
o1 c-nitrophenol. The complete absenei* of the fice OH vibrational frequency 
also demonstrates the o(!(urrenee of such assoeiation Avitli the molecules of the 
solvents. 

InvestigatioUvS Avith other phenolic compounds arc m jirogiess. 
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CHARACTERISTICS OF THE ION-SOURCE OF THE 
CALCUTTA 37-INCH CYCLOTRON 

P. K. BUTT, A. ?. PATRO, R. BASH and A. CHATTRRJEE, 

iSaHA JnsTITUTE ok N^LTI'LKAR PllVSK'S. (Iaiahtta 
{Rnrived April 27, 1001) 

{HvsuhmUicd Janmiry 4, 1002) 

ABSTRACT. Pvobn HtudioR have boon inadcv for tlio (iloulioji find total loii ourront 
output from tlio hot cntlindo cupillary nro typo ion-Houroo of lljo t'aloutltt \\T' cvolotion. Tho 
p[aH uKod m tlio jon-souiro wh.s liydiogon, jind tho Icijid ol ion of intnrost for ryclotron aoro- 
loration was ])ioton ( H ). Tboso studios woio inado with air ctiizont, arc vollago. p;ns prossuro 
and inagnolic hold uh vai’iablo paianiolorM. 

1 ^ 01 * the intoiiHiiy uycdotj'on ioii-soTirucK th(‘ tbllowinf^ criteria! tire of 
gi’ctit imjioi'icUKie, iianiely (iSaltker ftiid Kisieinaker, 1949). 

1. The prodiiciioii of tJxe ions sliould be very liigli in the diseharge. 

2. The positive ions sJiould be effeeiiveh transitorted to the edge of the 
plasma or out of tlie discharge in the direction of the exit opening for extraedton. 

H. Tlie ions should be extraeteil from the source ivitliout disturbing the 
discharge. 

Tor the e> cloti'on ion-soiu’ce, some other conditions should also be fnllillod. 

4. Tlie yield of atomic ions and a-partieles sliould he very liigh when hy- 
drogen, deuterium and lielium gases are used respetd-ively. 

f). The ion emission should occur within a very constricted region at the 
centre between tlu‘ dee's (Aiterling, 194S) For if the ions are spread out Jiori- 
zonlally at the start tliere is inliomogeiicity in the final energy (Wilson, 1940) 
and if the ions are spread out too muc.li vertically at the start the dees will be 
loaded with off-foens ions resulting in poor-effi( ienoy in cyclotron operation 
(Livingston, 1940). 

Any dt‘vd(;e which increases the ratio of the atomic to molecular ions caust-s 
a better efficiency in cyclotron o]»eration, because tlie moleimlar mns from the 
source which form the mam bulk of the spai-o charge (the density of tlie molecular 
ions being approximately ten times that of the atomic ions) (Livingston, 1940) 
are aceelmated for a lew revolutions before getting out of phase and cause an 
undesirable loiwling on the tloe s. 

Tn early cyclotrons, the elcetrons emittcil from the cathode (an exposed fil- 
ment) used toiiPiiroducc the ions from tho gas introduced in the dee gap region at 

109 
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the chamber centre. The eleetrona would spiral tightly about the magnetic 
lines of lorec, and be effectively collunated, the radius of the oleetron-spirals being 
a frac tion of a millimeter. The ion productum depending on gas pressure could nut 
be increaKcd nme^h, as the gas pressure Avas limited by the electrical breakdown in 
the chamber, which was about 1 xlO ^ mm Fig. The ions were formed in a strip 
extending across the whole Avidth of the (ihamber resulting in largo intensities of 
off-focus and nonresonant ions, and so in a very poor efficiency in cyclotron 
operation. Tn the production of ions the question of mean free path for ioniza- 
tion IS fundamental. Let us de.signate it by A,. The probability of ionization 
for a single electron omitted from the cathode is approximately d/A^, when d <At, 
d being the mean distam-o of the cathode from the walls (Hoyaux and Onjardin, 
194b). TJie jiressure in the ion-source and that m the chamber being eipial, if 
Ave take d 10 cm and A — IIOOO cm, say, (for a Avorking pressure region of 1 X 10“^^ 
mm Hg), then approximately one ion jiair will bo created for 300 electrons, and 
tli(‘ number of useful ions will be natui-ally much too low. So to get higher rates 
of ion-production it is necessary to (1) maintain a sufficiently liigh pressure-dif- 
ferential between the loii-source and the cyclotron chamber, (2) force the elec- 
trons to describe complicated paths before reaching the Avails, or (3) a combina- 
tion of these two principles. From all these considerations, the capillary arc 
tyjic ion -sources are noAV used in almost all the modern cyclotrons, Avhicli have 
definite advantages over the filament typo source both from the stand point of 
production cfficieiiey, as ivell as the operation elficicney of the cyclotron. These 
fyiies of sources can operate at a much higher pressure than the cyclotron chamlier. 

The Calcutta cyclotion used, until very receiiUy a conventional hot fikiinent 
low -voltage capillary arc typo ion-source, tlioiigh at present that is being modifieil 
to a point cathode, hoodcd-arc type source folloAmig tlic suggestion of JjiAn'ngston, 
Cow’ie and Ksanda. The x>^‘esent paper reiiorts about the characteristics of the 
conventional hot-filanient capillary arc-type source used in the Calcutta cyclotron 
iqil^o a discharge current value of 1 amjicrc, though much larger currents wore 
occasionally drawm. 


The xirocesses involved in this type of ion-source can be sunuuarisod as follow^s: 
The gas iii the ion-sourec is u.sualiy ionized by electron impact. 

The number of new ions produced per cm of path by an accelerated electron 
IS given bj^ (Engel and Stocnbeck) 


600u- ViP 

. Wtt . Vf 


2v' 2 V, 


Avhere E ^ strength of the eloetrie fields 
F, = ionization potential of the gas 
Te ^ absolute temp, of the electrons 
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/ = fractional loss t)f energy on electron coJlieion 

Lgo = electron mean free path at a pressure of 1 mn^ Hg. 

For high values of JEjjp, which condition is roughly valid for low pressure arc 
sources the above exiu'ession for af. = f(EL)IL where E — field strength, and L 
— electron mean free path] can be written in a simpler manner, as 

B 

a — pAe ~EIB 

where A and B are constants for a particular gas. Their values are shown below 
in case of some gases for a range of EJP. 


( j n.s 

A 

B 

Itango of E/P 

VoUi.s/cin/rmM Hp 

Air 

J4.« 


150-61)0 

H 

6 0 

130 

1.50-40 

ITo 

2.8 

34 

20-150 


Thus there is an optimum relation of a with p. 

Anicjng the other processes photo-ionizatiun will have a share in the produc- 
tion of ions although very small in comparison to the electron-collision process, 
which can account for most of the arc current in a low pres, sure hot filament dis- 
ohargo in the ion source (Bakker and Kistemaker, 1949). It can be mentioned 
in this connec'tion that in a low pressure arc column most of the current is carried 
by electrons, the positive ions serve to neutralize space charge (Oobinc, 1941). 

Among the loss processes of electrons and ions from this tyiie of discharge 
the contribution of recombination of electrons and positive ions is small; the coeffi- 
<‘,ient of recombination is (Kenty, 1928) of the order oF It is easy to infer 

that the loss of electrons by recombination is much smaller than the number of 
electrons present. The electrons are lost mostly to the anode and the walls 
(Bakker and Kistemaker, 1949). The mo.st important mechanism by which 
this happens is the dynamical ‘drain diffusion’ (Bohni ei ah, 1949) in the strong 
magnetic field among the other magnetic diffusion processes present, namely, the 
collision (liffu.sion and the diffusion by motion transverse to electric and magnetic 
field. 

Regarding the transportation of the jiositive ions from the production zone 
in the source to the emitting equipotcntial surface near the exit opening without 
loosing them to all directions the capillary arc source is not satisfactory. This 
has been pointed out by Bakker and Kistemaker (1949). A good source 
i.s self-focussing. Ihc potential distribution forces the positive ions to the emitting 
surface. In that case, there will be a potential trough. A bad source has a 
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potential iiiountain in iJie ja-oduction zone, which gives a diverging ion beam 
in ihe plasma jtself. 'I’lus can hai^pen in a capillary ar(j source. 

There i.s also a possilhlily of deformation of the equipotential surface (also 
called IJic •‘virtiia] cathode" of the ion-source) due to tJie penetrating held of the 
sti'ongly negative extraction potential which tli.sjjlace.s and curves this lon-cmitting 
surface. This may also result in an increase in the value, ol d, the distance of the 
cquiiiotential surface from the extraction electrode. Thus an increasing high 
tension tichl partially eliminates its favourable action by increase of d, as the 
ion-current extracted is proportumal to where V is the potential giving 

rise to th(* extraction field. 

A sketch of IHe lon-source is .slunvii in Fig. J and the experimental arrange- 
ment IS given in Fig. 2 The jacket and the discharge chamber (also called the 
cavity) of tlic ion-somc(‘ are made of copper provided with an elkonite tip .screwed 
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on the cftvity above the filament housing. The clkonito tip lias a H/lfi inch through 
bore H for exit of ions in the cyclotron chamber. Several drill sizes were used for 
tlie bore but the .3/16 jneh one was found most suitable. The filament, a two- 
ancl-a-half turn helix of 40 mil. tnnsten \vire, is heated by a high radio-froqueiuiy 
current to avoid warping in the magnetic field. An arc is produced betueeii 
the filament kept at -ve potential (emission voltage) and the discharge chamber 
which is grounded. A molybdenum baflle M, kept at filament potential, prevents 
the arc from striking below. The filament assembly can be introduced into the 
arc chamber through a lock-gate provided with Wilson seals, which permits the 
installation of a new^ filament any number of times w ithout disturbing the cyclo- 
tron chamber vaccum. Both the filament-holder electrodes and the jacket are 
providefl with w^ati'r cooling arrangements. The average filament life w^as approxi- 
mately 12 hours. 

The gas used for the ion-produ(;tion is let into the arc, discharge chamber 
from an electrolysis unit by means of a floAV-eontrol device. Ions and electrons 
come out from the arc chamber into the cyclotron tank through the exit hole 
// in tight spirals, strongly focussed by the cyclotron magnetic! field. These 
ions arc available! for acceleration between the dele’s. The gas used for the present 
investigation is hydrogen. 

In this jiaper the characteristics ol the ion-source Avith arc voltage drop 
belwc'en 50-200 volt-s and total discharge current up to 1 amp., have been described. 

To get an idea of the dei»endence of the ion and electron output of the source 
on the gas jire.ssuie, the arc current, the lire Amltage and the magnetic field, we 
have used a test elec trode, or probe (Fig. 2) insulated from the chambc'r Avhioh is 
iii.serted through a W'ilson seal so that the position of the probe can be accurately 
adjusted above the exit, hole Jl of the source. 

For tlic information about the ion output the probe was maintained at a volt- 
age ot —.340 volts and to collect electron through the outlet hole, the probe AA^a.s 
ki‘])t at, a Aufitage of -f-220V (positiAU*). The mirrents througli the test probe 
Avere directly measured by means of meter. 

The results obtained are .sKoavii in Figs 3. 4, 5 and 6. 

The problem of measuring the true ion beam currenf in a cyelotron is a diffi- 
cult one, due to radio-frecpiency pick-up and secondary emission. These effects 
Avere eliminated by Bichardson (1948) and others Avhen they performed experi- 
ments Avitli the synchro-cyclotron by using a pulsed ions source. The same 
jirocedure of using a pulsed ions source may be used Avith a fixed freriuency cyclo- 
tron, Avhich A\'e have adopted for measuring the ion beam current. The method 
adopted for pulsing the ion source is .someAvhat similar to that, developed by 
Fi’yer (1946). The repetition frecpieney of the pulser is 50 cycles/sec,., and the tubes 
employed are FO 67 mercury vapour thyrairoiis. Fig. 7 shoAV's the circuit for 
emission supply, consisting of 250 volt T),C. supply and the pulser. The D.O. 
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Magnetic field in kilo-GauHft. 

Fig. 5. (a) yiiowa variatiou of tlio output lon-cunont with magnetic field. 



Magnetic field in kilo-GausH. 

1^'ig, fi(b) ShowH variation of tho output olectron-oiurtMit with niagnetie field. 

Gas uaed — hydrogen. Gaa-fiow rate — 1.07 ingin./min Arc voltage — lOOV’^. 
Are cuiTont — 600 niA. 
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8 («) 


>'ig. 8 (b) 





Kig. 8 (0) 

Figs. 8 a, b «fe u. Show width und position of tho pulbo witli irspucL lo uti A.O. half-cyelo 
ohoaoii fur diffox-oiil aotlmgs of the two phoso-shifting uiiouits. 
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supply is a c oiivontioiial full wave rectifier. The pulser oonsiats of two thyra- 
trons 7'i aiifl which act as switches. The thyratron T, is in series with the arc 
and Ta is in parallel t(^ the arc. The Jtiodulating pulse starts when the grid of the 
thyratron 7\ reac hes the firing voltage. This voltage is controlled by the phase- 
shifting eiicuit r'jii'i and (.an be made to lag the plate voltage in time. The second 
thyratron 7\^ is parallel to the arc, so that as it fires, the arc is essentially short- 
eircnited terniinating the niodiilating luilse. The ignition of is controlled by 
the phase-shifting circuit adjusted so that the grid voltage lags that of T^. 
1'hiis with the help ol the two re,sistance.«i Bi and B^, it is possible to vary the posi- 
tion and M'idth of the pulse with respect to the A.C. half cycle. Fig. fi shows the 
width and iiosition of the ]ndse with respect to the A.C. half cycle chosen for 
different settings of the two phase- shifting circuits. As the ion source is modu- 
latf^d the ion output cun ent on the jirobe is also modulated. By using this pulsed 
ion Hoiirc(‘ ion beam eurrents could be measimMl in the high radio-frequency 
fi(dd without troiililo. Secondary emission is also .suppressed as found by the fact 
that on giving -| ve and - ve T) C. voltage.s on the probe the ion lioam current 
j'cmairicd unaltered This method has the added adA'^antage of measuring large 
beam currents without, melting the probe. This method is useful for measuring 
tJie. characteristics ol the ion-source, as the variation of the ion output Avith voria- 
lion of arc vifitage, arc current can be obtained simultaneously. Fig. 9 shows 
the variation of ion outjiut with arc voltage. 
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Tho ion oiiipui incroaacR with arc cmrrcnt, arc, voltages anel also wiili magnetic 
field. 


The ration of 


ion -current 
electron tniiTenl 


ontjmt in the lange of oiu- experiment 


varies between 0.1 to 0.22. For a particular gas-flow sotting if the arc current 
is not varied too much, the ratio is roughly constant for different values of 
current. It is also found to be nearly constant for the same value ol current 
for different gas-flows if they do not diffiM- too much. 

The electron and ion output arc very sensitive to the alignment of the fila- 
ment with respect to the outlet hole. The otpimum condition is obtained when 
the central portion of the helix is under the outlet hole With aging of the filament 
the ion output has been found to increase. This is probably due to the fact that 
the central portion of the filament from which inaximum electron emission occurs 
get,s thinner than the other portions due to ion-bombardment, and the magneti- 
cally constrained arc is better focussed under the I'xist hole, yiehling more ion 
output. 

These ob-sorvations led us to the development of a point-cathode, hooded 
arc type ion-soiirco which we expect will yield more ions than the eonviuitional 
capillary arc ty]}e one. 
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ON THE EVALUATION OF a, AND w,®. FROM THREE 
CONSTANT POTENTIAL ENERGY FUNCTIONS 

M. R KATT]* 

F\( ultv of Am.'iEii Phyaics awp Mech, JiNQiNEEuma 
Institute of Armament Studies, Ktujcee 
{Ilircived Orlober 13, 1901) 

ABSTRACT. lAjIlowuig Mu* ropoiit hn'liiiiqiio of VnrHlmi rtkI Shukla for evaluating 
tho unhnrnionicity f'on, stunt (Or-tr, u.ii uitninuhvo jirocodiiro jh auggostoil for ostiniatirig the 
rotiition ronstaiit np It is sliown lu llm rase of a largo iiunilinr of inoli'oulos, that tho jirosont 
luothod (oullod iiiolhnrl 11 ) yields ngo oriors .significantly lower than tho piovioua 

molhorl I 

All oni|iinonl rcdulioii (hi wr«(*. evolved as a rosult of this study, is also oxannnod The 
losuHs nhlained h\ using (Ins oxpio.ssioii arc oouiparablo with those of Varshin and ShuUhi. 
Tins i(ud\ also confirms IhnI the oxjioi imoidal value o( lor Iho giouiirl state of (llj may 

ho 111 ori'oi 


I N T R O 1) V 0 'r 1 0 N 

In a ret'ont ])a])tT (Vavsliiii and SJiiikla, 1061) tho anharnionicjty const-ant. 
in tli(‘ case of neutral djatoniic inoleeides has been ovaluatod by a prootv 
dure which is a iiiodiflcation of the earlier techniques (Vhirshni, 1957; Tawde 
and hLatti, 1051)), based on interconnecting the various molecular constants by 
relations resulting from the lundaniental propert.ics of potiTitial energy fum*«tions. 
Varshiu and iShukla (1901) have shown that this procodui'e (denoted by method 
IT) leads t-o values of ‘)/y oirois m co,.r,. higher than tlmse given b}'^ the previous 
methofi rr (Varsluii 1957, denoted by method 1). Purtlior, from the behaviour 
ol th(‘ jnedieied values of with tho experimental value they have yiroposed 
an ompirieal relation which has been found to he satisfactory. In this yiaper, 
it IS piopiLsod to jircsent a parallel technique for evaluating tho rot-ation constant 
a^aiid also another ompiiTcal relation for emerging as a consequence. of this 
study. 

The closed analytical function for tlie potential enei'gy U(r) of a diatomic 
molecule has been expressed (Varshni, 1957) as 

"W - J ... (1) 


* Now rti Ilcfonco Scioiicu lifiburatory, Dolhi. 

180 
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Where r ie the intemuclear distance and its equilibrium value 
Putting V'(r,)jV''(r,)^X ... (2) 

aiMl U (r.)/a'(re) = T ... (;}) 



— > oa 

Fifj. I Vttluos of Aiuvrf>r*'-/TV plol'ind u^aniKl Ga 
the rotation (;oustant, 





... (4) 


L 3 


and 

cOA = i IX‘- 

-rl'i 

... (5) 


L 3 



where W = 2.1(178x10"'^“ and the other constants have their conventionfil lYiean- 
iiig, Horzberg (1950). 
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,S(5VC1‘U1 cliffeidil lorniR liavo been proposed for U{r) but in the above Eqs. 
(4) iiiirl (r.) i(. IS only Hic (jimnt.i(.iesl^ +1 J anil | |j X^-Y\ which will ho ilif- 
ioicnt foi' (liffci'ont fumtioiis and in oaoh oaso they can he exjiressecl as functions 
of iSuiliorlaTKrs paranietor A 

M'hoi’e A — ]{cJ‘g^f2D(, 

Kf, and JJ^, being tlie force constant and the Dissocjation energy respectively. 
TIiulS from a knowledge of 7f,., '*‘**^^ evaluate A and )' and hence ct^, 

and (Ogir,.. 

The following sehciue enumerates the different- methods of estimating or 

0)e^'c 
<^n • 

Method (I) Calculate theoretically X from Eq. (2) with any assumed 
p.e. funetioii and hence ctg from E(j. (4) 

Method (II) Cabjulatc theoretically Y from eqn (3) and combining 
this with the knowledge of the (^xi^tl. value of cOgJCg, A'' 
call be obtained from Eq (5) and then from Eq. 

(4). 

Method (1) (Valeulate tlieoretieally A and Y from Eqs. (2) and (3) 
and lienee from Eq. (b). 

Method (ll) Obtain tbe value of A'' from a knowledge of the oxptl. value 
of ag using Eq. (4) and eombining this with the theoreti- 
cally calculated value of Y from Eq. (3) estimate the value 
of from Eq. (5) 

The value ol ol^ or co^-ig obtainefi by either of the above methods can then bo 
compared with the experimental value It will be seen in method (II), m each 
case, the estimated value of one of the tw o eonstants is dependent on a knowledge 
of the cxptl. value of the other. 

VarsJuii and Shukla (1961) have evaluated oi^Xg. Employing six potential 
energy expressions viz. Moi'se. Rydbeig, Poschl-Teller and three more proposed 
by Varshni (1957), they found that in each case the average % error in the esti- 
mation of coga'g obtained by using method (11) was higher than that obtained by 
using method (I). They have shown that for 

Morse fn. the % error increased from 31.2 to 40 
for Rydberg In. it increased from 22.7 to 35 
and for Roschl-Teller it increased from 31.2 to 37 

In the present paper, this study has been extended to the evaluation of ag 
by method (11), and it is shown that in this ease, method (II) leads to % errors 
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significantly lower than that obtained with method (I). Reasons are also given 
why one should expect a higher % error for in the method (IT) adopted 
by Varshni and Shukla than one obtains in method (I). 

RESULTS AMD DISC U HSIO N 

Some clarification is necessary about the method (IJ) for evaluating 
For Morse funijtion, the tw^o relations employed by them for with methods 
(I) and (JI) are 


(I) 

Wfl-iv — HA 

... (6) 

(11) 

1 15r-7A 1 

L /y7V“ 

... (7) 

Where 

r (H- 

\ ^ 6B// 


From method (1) it is 

also knowui that 



a, ^ (AS-1) 

(lif 

... (K) 

Aihich giA^es 

\ — /l J ^'heo (i)^ \ - 

\ ' (3/?^- / 

... (9) 


and according to Varshni and iShukla's notation 

r= )' ... (10) 

Thus it may be noted from Fqs. (9) and (10) that A and V depend on 
and oc,fi<^pt. respectively. It is the disjiarity between act/te,, and oicc^pt, Hence A 
and r (vide Table 1, Varshni and Shukla (19G1)) A^hlch shows uji in the method 
n for coeXj,. 

Vai'shni (1957) employing method (J) showed that with most of the p.e. 
expressions, (OfU;,; can be estimated to a greater degree of accuracy than a^. This 
may be attribut<id to the approxiniale nature of the relation for coiujiared to 
that of tOgii'e. It is apparent that because of these approximations in the relation 
for the value of X calculated from the same with experimental inherits these 
defects. This on substitution in the relation for brings down its efficiency 
further as X appears in the second poAvor. Hence, it occurred to the author that 



184 


M. It Katii 


a T(‘vnvst* jjiot.ecliirc of ilic Haiiu; viz. method (IT) lor might lead to aomc inter- 
estijig l OHiilts. 

Fur eah ulaling a, ihv value of X is found from Eq. (5) >vith tlio exptl. value 
of and is then sulistituted in Eq, (4). Thus Eq. (5) gives 


on initting this in Eej (4) V'e get. 




(I2) 


V iUi this relation (12) donoted as inelhod II the ealeulated values and errors have 
lK*en recorded here for Morse and Itydlicrg functions m the following Tables I and 
If Tlio same molecules studied by Varsluii and *Shukla Jiavc been examined 
here. The A^alues of all the iclcvant molecular constants have been taken from 
Vaisliui (1057) and Varshni and Shukla (1001). 


MOTwSE FUNCTION 
The Morse (1020) curve is rejiresented by 
U{r) ^ i),\ I 

K A 

with A' — ~[](i and Y — 7ff- Avhere u- — mA — .. 

■■il), r/ 


This gives 


(J) 


«.-(A‘-~l)] 


071/ 


( 11 ) 



-|-7A 



... (13) 


... (J4) 

... (15) 


Estimat-erl results and % errors by the two relations (I) and (II) arc shown in Table 
1. Values of A used here are the same as those quoted in Varshni and 8hukla 
( 1001 ). 


JIYUJIEKG FUNCTION 
Rydberg (1931) proposed 


... ( 10 ) 
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where p 
one getfs 

■ (I) 

Results for this function are recorded in Table IT 


1 ^b;- 


(17) 

(18) 


TATTLE J 

(Morse function) 


Molecule 

«<! 

(oxpU) 

«t! Cal. (1) 

% error 

(Ve cal (11) 

% error 

Hj 

2.993 

2 222 

— 23 8 

2 . 093 

— 37.8 

/nir 

U 2300 

0 4248 

1 69.9 

0 3673 

1- 40.8 

Cdll 

0 2180 

0 . 3599 

1 03 1 

0.3307 

-1 00 9 

Jrgii 

0.3120 

0 . .3090 

1 03.1 

0.4448 

-1 32.3 

oil 

0 .3310 

0..3238 

- 1 9 

0 3035 

- 3.7 

OK 

0 7140 

0.707(1 

- 9 0 

0.()838 

- 4.2 

IfJ'' 

0 7703 

0.0035 

- 8.2 

0 0481 

- 13 9 

KCl 

0 3019 

0.3109 

i 3.3 

0.2910 

~ 3 5 

JIBr 

0 2200 

0.2540 

1 7 9 

0 2323 

-r 2 9 

HI 

0 1830 

0 2383 

1 41 1 

0.1817 

- 1.0 

L.., 

0 00704 

0 0103 

1 40 3 

0.00889 

1 20 3 

Na-: 

0 00079 

0 00110 

4- 84.8 

0 00123 

j 58 2 


0 000219 ' 

0 00112 

1 88 1 

0 000300 

! 04 4 

N, 

0 0187 

0.01909 

; 5 3 

0 01800 

0 0 

V. 

0.00142 

0 00177 

1 24 7 

0.00160 

i 12. 7 

Oj 

0 01,379 

0.0175 

1 10.8 

0 0108 

1 2 3 

80 

0.00302 

0 00719 

1 27 9 

0.00019 

4 10.1 

^ Otj 

0.0017 

0.00190 

; 11.8 

0.001915 

1- 12.9 

lii-i 

0.000273 

0 000423 

; 53 8 

0.000378 

1 37. .1 

i:: 

0.0001 17 

0.000134 

-1 31 .0 

0 0001303 

4 17 1 

I Cl 

0.000330 

0 000070 

; 23.0 

0 000388 

h 9 7 

CO 

0 01748 

0.01K14 

1 .5.3 

0.01037 

0 4 

NO 

0.0178 

0.OI98 

1 11.2 

0 0183^7 

1 3.2 


Average 31,9 


Avoiiigo 20 . 5 
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TABLE 11 
(Jlydberg function) 


IVToloc ^ll(^ 

ar 

(CXlll) 

Ur (laic (J) 

% IMTOr 

(M(j (11) 

% arror 


■2 

1 8.511 

- 38 1 

1 .844 

- 38.4 

ZiiM 

0 2.”|00 

0 39.50 

: .58 0 

0.3437 

-1- 37.5 

f'llH 

0 2 ISO 

0 33.5.5 

: .54 0 

0 2802 

1 28.5 

H^ll 

0 :n2o 

0 1705 

: 52 7 

0 4204 

1 34 “7 

(Ml 

0 .a:mo 

0 4744 

- 1 1 2 

0.4702 

- 11.4 

OH 

0 7140 

0 042.5 

-Ml 

0 0202 

13. 1 

KF 

0.770r. 

0 ,5429 

- 21) 5 

0 . 0005 

21 3 

Ifdl 

0 ;iou) 

0.2830 

0 0 

0 2727 

- 9 7 

MHt- 

0 2200 

0.2320 

! 3 0 

0.2170 

- 3.7 

HJ 

0 is;to 

0 1857 

; 1 

0.1703 

- 0 9 

bij 

0 00701 

0 00938 

1 30.0 

0 00823 

- 10 9 


0 00071) 

0 0001342 

) 70.0 

0.001 10 

- 40.8 


0 000211) 

0.0003813 

74,1 

0 000337 

1 53.9 

Ns 

0.01S7 

0 01844 

1 .4 

0 01748 

- 5 7 

J’j 

0 001 12 

0.01 044 

1 1.5 8 

0 00127 

- 10.0 

On 

0.01.771) 

0 01019 

2,5 

0 0153 

- 3 2 

fSO 

0 00702 

0 01020 

82 .5 

0 00581 

i 3 4 

01. 

0 0017 

(I 001775 

14 

001829 

: 7 0 

bo 

0 000275 

0 0003957 

43.8 

0.0003.58 

1 30 4 

n-i 

0 000117 

0 00014(40 

23 0 

0 000132 

; 12 8 

w 

1 01 

0 000530 

0 000089 

: 13 0 

0 000.550 

1 3.7 

00 

0 01748 

0 01506 

- 13.8 

0 01.300 

2.5 0 

NO 

0.017S 

0 01832 

1 3.0 

0 01730 

3 0 


Av<M»ig(‘ 2iS 0 Avcmge 18.0 

Jt may be noU-d I'rom Tali)loH J and II that Avitli Mor.so and llydbor^ expros- 
Hioiifi Ibc ava'iagc % error by the pre.sent method (II) are jmieh lower tJian those 
l)y the earlier method (1) The same beliaviour is expected of other functions, 
VIZ., Poschl-Teller and Vaislini’s fiiiictions. Thus on the basis of the above 
results it may be said that the method (IT) is favouralile only for the evaluation 
of a<,. 

It was noticed during these computations that the quantity Avas 

closely folloAving the value of HA for 17 molecules and for the remaining G mole- 
cules relatively large disjieision was found. Fig. (1) shows the observed values of 
/i(ii^Xer/IW against HA tor all the molecules under eoiiHideration. 

A straight line eijuation Avas fitted for the variation of these two quantities 
by the least squares method. The equation olitained is 

_ 5 276(iA+7.666 (19) 
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or ^ 5.2766 +7.666 ... (20) 

/*»■«" 

Relation (20) may bo coiiH)are(l with a siinilav omi)irioal relation 

<o,x, - (6A+!)) (21) 

proposed eaj'licr by Varshni (1957) on other considerations. The performance of 
this new relation (20) has been examined by the ostimaU'S of Wga*, in tho 
of all the molecules studied here. The results ami % errors are recorded in Table 


TABLE ITI 


MoUk’uIp 

iiifXe 

(pxptl) 

( ViiiHhni Enij)) 

% orror 

i^eXe 

TP recent 

prtj)or 

% error 


1 17.1MI 

1.36 70 

1 15 86 

141. .71 

-1- 19 9 

ZnK 

.">5 U 

.77 78 

1 4.79 

61 82 

-1- 12.1 

OtlH 

40,11 

50 78 

i 22 42 

59 78 

( 1 2!).l) 

ifgir 

SJ.Ol 

89 . 08 

i 7 31 

90.71 

1- 9 3 

(!K 

lU.H 

62.31 

3 09 

.79.72 

- 14 9 

DIT 

H2.81 

83 .74 

i 0 88 

80 32 

-- 3.0 

UK 

IK) , (IfiO 

91 643 

1 1.7.7 

91 .56 

1- 1.70 

in '1 

:)2 0.7 

.71 09 

1.84 

48.6 

0 6 

llBi- 

1') 21 

43.59 




HI 

;e» 7 :j 

II .00 




Li. 

2 502 

2 .726 

-- 2 55 

2.12 

- 0.6 

No 2 

0 72(i 

0 725.7 

- 0.07 

0 710 

f 3.2 

K-j 

0 H;-)-! 

U 3.747 

; 0 20 

0 4196 

h 14.7 

N. 

U.4r)(j 

14 217 

— 1 6.7 

13 00 

- 10.1 

\\ 

2.804 

2.660 

- 5 1 4 

2 7 42 

— 2 2 

Oj 

12.07:1 

1 1 . 650 

- 3 . .70 

11 18 

-74 

SO 

0 11(1 

6 764 

1 - 10.6 

7.002 

+ 14 5 

0)., 

4 1) 

;i 025 

( 24.:17) 

2 826 

(- 29.4) 

Bj'2 

1 14.7 

1 106 

- :i 41 

1 149 

[ 0.35 

J- 

0 6127 

0.6318 

{- 3 12 

0 6416 

-p 4.7 

ICl 

1.46:7 

1.4.74 

- 0 75 

0.1443 

- 1.5 

(XI 

1:L46 

12.28 

- 8 77 

10.42 

- 22 6 

NO 

13.97 

i:l:i2 

- 4 65 

12 86 

- 8.0 




.VvorniTP 4 

96 

Average = 7.94 


The results are found to be satisfactory, the average % error being only 
7.94 (with two exceptions CdH and Clg) which is comparable with 4.06 and ,11A 
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Obtaincl 1,V Vav.sUni m.cl Shukla (19C1 ). Vanfliui (1957). Tho pre,*nl simly alsa, 
(,onfnma «u- (.bservatimi .if VuiKlm. and Shnkla (1961) regarding the high % error 
fdiini] for (fij •niiicli may he due to large eiTor m the constants of tJm ground state. 

It may also he noled that even for those imdecidos, where is found to 

flevjfito iiifiiv from (iA, the oslmiatnl ViUue of show comparatively less 

tljscrcpaiK'Y. 
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Air Coiinnodore 0. F. Mehra, Dean, Institute of Armament iStiidies, for permission 
to publish this paper, Thanks are also duo to Jlc-iearch and Devedopment 
OigaiiLsation, Mimslry ol Defonc-o, for the award of a Roscarcli Training 
Fellowshi]). 
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SCATTERING OF POSITRONS BY SIX-FOLD IONIZED 
URANIUM ATOM 

BHAJAN SINGH 

iSiniCNf'K roi.LKOjfi, Patna 
AMD 

BROJENDRA K. (iUHA 

H. N. CoLLKOE, Patna 
{Rvcei vcd Odohei J 4 , 1 0(i I ) 

ABSTRACT. 1 ■'luN N-wfivo Roaitoi'ing cio.rs sooiioii for tho olaslu- seal teriiif;of low 
voloGiIv poHil-i'ons liy tlio fiix'fold lonizod alom of Ui lian boon oalrulatod using blio niodifiod 
(\niloinb potoiilial. 11. is found Unit Mio (Vmloiub jiurt m puHloinnnirillv efl'octivo 

'PKo clil'fercnt ial c-tohs Beefion for tlic saettenn^ of electrons by tlio bare nucleus 
of uranium Avas calculated by Yadav (1055) Jii the present paper the 
iV-Avave differential liross section for the scattering of positroiw by the six- fold 
lonizi'd atom of uranium has been calculated. The <listortion of tlie electronic 
clourl has been neglected and tJie interaction is assumed to be due to tlui 
moditied (loulomb potential of the ionized atom expressed in terms of the effective 
charge i.e. . 

. . r 


Zp has been tabulated liy Ridley (Ridley, li)r)4-) using Hartree method without 
exchange. 

Tlu' solution of llie appropriate iScliroedingei* equation ean be expressed 
as 


w = P,(oos ») ... (1) 

I 0 r 

V'here the equation satisfied by ;\'t(r) is 

1 A'i = ') - (2) 

(tp^ V p /?“ J 

where now the distance lias been expressed in atomic*, units \vith 

jj .2 a^E or E -= ev, where is the first Bohr radius, and 


• ock = t’J? 


189 



190 


Bhajan Singh and Brojendra K. Guha 


Kq. (2) mliicoK lo 




TJie asymptotic solution of (3) is 

Xi >A sin (kp- y-7r—ocln2kp-}-7fi-{-Si) (4) 

p-^cc 

wlieic tjt and Si arc th(' (^mloml) and tlio iion-Oouloiid) phase shifts respectively 
(SchilT, 1})49). The differential cross section can be VTitten as 

- \U0)\^ 

where fJO) -/„(«)+ S I I) . ^ . sin S, . Pi (cos 0) 

I 0 

-/r(«)-| ' i; (2M- i) . f -i)Pi{<-O^0). 

2u: /.-o 


j. ^ tain «'« ^ 


(Sehiff, 1949) 


Minee ■sve are dealing with 1(»\\ energies {k -- 2 corresponds to 55 cv approxi- 
mately) and the jiutential anomaly is of short range {p — 3.9 atonuc units), it is 
reasonable to assume that only the N-wave will be affected. The same conclusion 
can be drawn from the consideration of the W.K.B integrals (Mott and JV^kssey, 
1949). The lower limits of these integrals lall outside the jiotential anomaly 
indicating that there will be no marked deviation from (loiilomb scatterings So, 

Jc{0) + (f -1) ... (6) 

O-(O) = (r,(«)+(T„.,,.(0) ... ( 7 ) 

whf-v,. irAO) = . cosoc* I ^ coso(‘ " , - 6) ... (7a) 


and o-,,.,. (6;) nj sin!^ 

fer 1 


a sin cos [ a In 2 sin^ j 


... (7b) 


(Jo was calculated by solving Etj. (3) for / ^ () numerically and matching the solu- 
tion with the theoretical value given by Eep (4) with 


Vo = arff- r(l+ia) 
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which -was taken from Coulomb Wave-function Table of Nat. i3ur. of Standard, 
U.S. The ratio 


has been calculated. 


ij* = 1-f 

0 -,. 


TABLE 1 

V'^ariatioii of ])ha.se-shift with energy 


l 

5o ^0 

(fi.rl ’?o) 


1 

0.02 .1 

52 

0.14 


2 

0.04 1 

Oil 

1 .00 


TABLE 11 

k ehr 

<r< 


tT/i (• 

H 

1 J 00 

0,0 


’ o.ii:i 

1 .01 

0.711 

12 •{ 


3.40 

1 .28 

0 ,10 

00 0 


— ,1 . 32 

0 8.1 

0.2,1 

420 

- 

-20 8 

0 0.1 

0 10 

1.10 < lO 'J 


28 (i 

1 .00 

0 02 

02.1 >^101 


-20.1X 10 

1 . 00 

0 01 

149 < J0« 


-057 a 10 

1 00 

2 1 . 00 

0 rio;{ 


1 OilxIO-i! 

1 .03 

0 7.1 

0 772 


1 20 a lO-a 

1 02 

0 ,10 

2 2.1 


--0. lOX 10 - 

O.07 

0 2.1 

20 2 


2 18.1 

1 .01 

0. 10 

030 


1.15 

1 .00 

0.02 

078 103 


-30 5 

1 .00 

0.01 

024 X 10* 


85.0 

1 00 


Cl O N 0 L U K 1 () N S 

In most (‘-ases R is nearly unity indicating that most of the contribution 
to scattering is from the CViuiomb part. The other part, is mainly effective in 
backward scattering. This effect increases with the energy. 
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Tlio (lil’ferciiiial orosH section for the scattering of moie energetic positrons 
is being calculaietl by ns anrl will bo published in due course. 
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mutual diffusion of binary mixtures of 

AMMONIA WITH He. Ne AND Xe 

1. B. SRIVASTAVA 

Indian AHso(i!jATjoN ii'oii the (Ju^tivation (»1'’ St iENas. (JaJj(JUTta-32, 

India 

{liiTfiwrd '"1^. 1901 ) 

ABSTRACT. JOxjjnrinmiilul iiKuir^nronimits ot fcli(' biiuiiy difluHioii codtlu'iuiitH for 
INrif;) — Ho, NHj - No and NHj, -Xo syatoniH ovoi Um' (I— (iO'C iivo loporUsd* 

'J’lir iiiousuioiiionls w'oio made tlie two bull) tofhniqae by albnvirig the ditfuHiou to tftlvo 
phiei' between the two Imlbti lhiou|.(h a pieoiKioJi eajiillary tube. A diffeionlial Ihorinal 
eonrluetivily iinaljzor was (iiiqdoyc'd foi' aual^hiiig the sanqileH ol the gas w'ltlidrawai Ijoiii 
one of (he bulbs at dififcMeut limes, 'riu* data luive been used foi determinmg (he foree pam- 
nieters fui' the unlike moleeula.i' uileraetion oi the jiOnnai’d-ilone,s (12. 0) potential model. 
The.se purameteivH haw been uI iIisihI, in eonjuudion with the Heiniomiiii'ieal oombniation I'ulos 
to obtain the foi’ce uonstHnts of N Hy loi the Stoekmayor potential inodcl* It' baa been eonelii- 
ded that the eoiiibinalion iule.s give a (au'K good ajipioximation and the foree eonstauLa of 
Nllj detoniniK'd from viaeoHity b^ Mombink and Maaon am .sufficiently reliable. 

J N T H 0 rj U f 1' I 0 N ' 

l^xpcTiiucnl-al dotorjii illations ol‘ tlie ibrces beiMutMi unlike inolcnulcs have 
aroused eonsidi'isible iiiU‘n*st from the point of view of iindevstanding many pro- 
p(‘t‘lies oJ' [raseons mixturea. The mutual diffusion eoetficient, of the 

most suitahle traiisjioi't properties for prtividing information about the unlike 
moliMudar mterartioiiH, sinoo it depends, in tlie first approximation, only on the 
forces l)et\v(*eii unlike molecules. Very recently, a number of workers have 
measured 7)io for (icrtaiii t!;as mixtures at different temperatures and used their 
data for ealeuliitini; the unlike interae.iioii parameters for different potential 
models. A full suniniary of the V7j,, data uptodate have been fiiven by Westenboig 
(11)57) and by Paul and Snvastava (lOOla). However, the measurements of 
for mixtures ol a polar and a nonpolar gas are very few and no data are available 
for JJy, of mixtures of polar gases. Detailed references to the available data for 
Hie l\, of polar-nonpolai binary mixtures have been given by Snvastava and 
iSrivaslava (19t)2). 

In the abstmee of suitable experimental data for determining the forces betu ceil 
unlike molecules, it is necessary to ealeulate these forces from the corrcspondiiig 
forces between bite moloculos, using some semi-empiri(!al combination rules. The 
combination rules fi>r calculating theoretically the forces liotsNeon unlike sphcih^al 
nonpolar imiJeeules for the Leimard-Jpnos (12 . fi)^ and (exp-O) potential models, 
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havL* bt'ojj shown U) be .iiute satisfactory by many workers but probably no 
inve»tigation has yjeldecl any definite conclusion about the adecjuacy of the 
combining laws for obtaining the polar-inm polar i iiterjiction parameters for the 
Lcniiard- Jones (12.()) potential model. The early investigators, however, had 
used the iorce constants for the polar molecules obtainetl from the second virial 
t.oeflieient, B{T), for the 8tockmayer pf)tential model. These values of the force 
constants may be ina^ipropriatc for calculating the transport pro|Xirties, as the 
assumption of the point-clipole model is likely to cause greattir error in the second 
vinal coefficient than in the transport properties 

Kreiger (U)51) evaluated the collision integrals for a mollified Mtockmayer 
potential model foi ealculatmg viscosity and thermal conductivity of polar gases 
and used them for calculating the force constants of several molecules from visco- 
sity. Hut, Ttcan et al ( 1 1)00) have detected .some ei ror in his calculations and showed 
that the force constants obtained from experimental data by using the corrected 
calculations were physically unrealistic. Vhu-y lecently Moiichick anti Mason 
(1900) have rejiorted values of the collision integrals for the Stoekmayer (12 : 6 : 3) 
potential model whi<h are reijuired for calculating the transport ])ru])erties of 
polar gases and have determined the force constants of several polar molecules 
horn viscosity. Tt is therefore of eonsiderable interest to measure tlie different 
transport pro])erties of polar gases and their mixtures and see how far the calcula- 
tions of Monchick and Mason winch are based on certain simplifying assumptions, 
are successful in explaining the observed transport ])joperties, 

A number of workers in this laboratory have ineasiired the diffusion^ coeffi- 
cients of bmaiy mixtures of non- polar gases. The references to these works arc 
given by iSnvastava and Srivastava (1962), vliere they have reiiorted the measure- 
inents of the diffusion coeifieient for the binary mixtures of ammonia with argon 
and krypton and have concluded that the combination rules for polar- nonpolar 
systems can give good approximation.s and the force constants of ammonia tibtained 
by Monchick and Mason ai‘c not in very good agreement with those obtained from 
diffusion data. In the present work, the diffusion eoeffieienls of NH;j-l-le, NH.^- 
Ne anil NH,j-Xe have been nipa.siired m the temperature range 0 — and the 
eonchisions obtained liy {Srivastava and Srivastava (1962) are further tested, 

A P P A K A T IT S A M J> T H Ji 0 K Y 

The tAvo bulb techiiicpic of Ney and Armistcad (19J7) was employed for 
mea.suring the diffusion coefficients. The details of the apparatus and the experi- 
mental procedure have been discussed fully by {Srivastava and {Srivastava (19fil)) 
and Paul and Srivastava (1961b). 

The rare gases were supplied by the Hritiali Oxygen Company, Englanc! 
and were (piotcd to be speotrosco])ically pure except Xe which contained about 
1% krypton. Pure and dry ammonia was prepared by heating a mixture of pure 
ammonium chloride and calcium oxide and passing the issuing gas through three 
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large U-tiibes containing sodium hydroxide pellets. The gas w-^as further puri- 
fied hylliquefying it in a cooling trap containing metallic sodium and then in two 
more cooling trayis and finally distilling in evacuated gas cylinder. 

It jkas been shown by Ney and Amiistead that the relaxation time l/a of the 
system, as defined by the relation 

; === pxp('--aO (1) - 

18 giveti 

a=.-(/V^//)x(Fo/F,K,) ... ( 2 ) 

m 

Avhere and 6', are respectively the concentrations of the heavier gas 

initially, at time t sec. and after eomyilete mixing. The quantities and 
are the volumes of two bulbs, lieing ecjual to (F^-j-Fg). The quantity is 
the coefficient of diffusion in cm-/sec. at a pressure 2 ^ cm. of Hg, .d, ? being the 
effective cross Hectinnal area and the effective length of the tliffusion path 
resyiectively. 

OP 

'Hie quantity, «, i-s olitained finm the slope of the yilot of log (<^’ 1 —^'/) 

I and Dp can be cah ulaiiHl from E(|, (2), The diffusion coefficient at atinos- 
yilierie piessuie, related to Dj, by the equation 

.■> (3) 

K X V JC H 3 M E N T A L T\ K S U h T S 

The quantity = .373 vas caleidated from the initial concentrations in 
the two bulb.s, which Avas liirthcr <*hecked for some runs by determining the con- 
ticntration a1 an interval of seven times the relaxation time. 

Fig. (1) gives the calibration curves for the three gas pairs and Fig. (2) 

shows the plot of log,„(^V-^\ )versu.s t for NH^-Ne pair. 

The experimental values of the diffusion coefficients obtained in the present 
work are given in Table T. No other data for the systems considered Here are 
available for ijoniparison. 

]) E T E It M 1 N A T I () N 0 V P O T K N T T A I. P A R A M E T E R R 

Since the effective total energy' of interaction betiA cen a polar and a nonpolar 
molecule has the same form as that between tw^o non-polai- molecules wduch are 
.spherically symmetrii! (Hirschfelder et 1954), the force constants for the unlike 
interactions have been determined from data on the Lcnnard- Jones (12.6) 
potential model, by the intersection method of Bmhingham (1938) folloAved by a 
least square fitting. Tlie details of the inetliod have been discussed by Paul and 
Srivastava (1961b). The values of the force parameter, thus obtained are given 
in column 3 of Table II. 
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A sot of paranic't^Ts has also hocii olitained, for oaoU syatein, from tho Remi- 
oni])iriiial (‘(mihination nilos for the polar-iionjjolar syRlenis (Ffirs^jlifehlor, (hirtiss 
and Bird, 1954) hy making use of the force constants of nonpolar gases derived 
ftom viscosity and those for ammonia from B{T) and also from visc-osity. These 
ar(‘ recorded in column 4 and 5 of Table II. ' _ 

A comparison of the force constants obtained by different methods shows 
that the elk values for a given system olitained by tlio rlifferent methods are in 
fairly 'gbod agreement. The values of o' for these systems, obtained from the 
diffusion data, are also m reasonable agreement with those obtained from the 
combination rules vlien force constants of ammonia obtained from viscosity 
are used. But Avhen foj'ce constants for ammonia are taken from B{T) the eombi* 
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TABLE I 

Mutual (liffuskm tJoefficiontH in iiin®/sec. 


Gas 

Mixtures 

Toiup. 

'K 

ProHSuro 
ill mm. Ifg 





Exj)t. 

a 

b 

0 


274.2 

r>7 . 50 

8.83 

0 668 

0.6.50 

0 81.5 

0,659 

NTIf,--Ho 

SOS . 2 

55 54 

10 71 

0.783 

0.802 

1 .002 

0,810 


S.SS , 1 

02.05 

10.70 

0.881 

0 . 003 

1 131 

0.024 


274.2 

55 . 1 0 

4.11 

0.298 

0 303 

D.379 

0.308 

NH;,- No 

SOS. 4 

52 91 

5.43 

0.378 

0 374 

0 471 

0 . 383 


33S . 1 

60.91 

5 23 

0 410 

0 t23 

0 542 

0 . 440 


274 2 

5(4.09 

1 54 

0.114 

0,116 

0 132 

0 114 

NKs^* Xo 

308.4 

59,81 

1.84 

0.J45 

0.146 

0 167 

0 144 


333 . 1 

58 70 

2 24 

0 J73 

0 171 

0 19.5 

0 169 

n. GnlculatiMt 

from loroo 

- oonstiuitR fittod io iJi-. 

1 clat« 




b. fiilonlaiod 

from rombinniion rulos 

and forro 

nonstanis 

for N H ;i 

from U(l'). 

9.r, 


f. (JnloiiliitiHl from oonihinulKm rulos and iorfp ('on8l.mii8 For NIT;j from viHoosil-y. 

nWion nileft {'ivc a values imuli suialler than those from the 7)12 f^ata. This 
is duo to the very low value of cr for NH 3 obtained from second virial coofheient. 
It lias b(‘eu pointed out by Jlowlinson (19451) that, the low value olV for ammonia, 
may be due to the hydrogen bonding. 
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TABLE II 

Potential xjaraineteiH on the Lennard- Jones (12:6) model 


(UiH prtir 

Eort'o 

FvoHorii 
work Irolii 

Uoiiibmaljon 

I'UlOH 


l>amiiiotor8 


b 


Pi 2 data 

u> 

Nff;,- Hv 

K 

15 

02.63 

03.40 

(T,2 a 

2.872 

2 500 

2 . 852 

NH, No 

E 12 /X "K 

I0<) 10 

115 10 

117. 00 

(Ttj a 

3 020 

2.078 

2.001 

NII:,~Xo 

ei*>/A "K 

201 .T5 

20 s 47 

301 .0 

tr... A 

:i 558 

3 301 

3 . 546 


n. Uhihr ioi‘C(‘ conHlanls for NH3 fiorn B{T) 

I) Usin^ foico ('oiisfnnifi for N Hg liom viHfosity 

(' 0 M I’ A K ISON \r I 'I’ H E X P E K T M fi N T S 

The expei imontiil Dyj. vaJiies have hoen eomparcfriri Table I with those cal- 
culated by usnif^ the three sets of jiaranieters given in Table II. The force para- 
meters obtained fjoin the observed diffusion data reproduce tlie v^hies (piitc 
satisfactorily for all the sy.steius. It appears, therefore, that the Lennard-Jonos 
(12 6) model is sufficjently adequate for explaining the transpor t properties fur 
these systems. No i'urther test for the reliability of the force constants obtained 
here is jiossilrle as no other data for these systems are availalile. 

I’he foi'ce constants fur unlike interacl 1011 obtained with the help of the combi- 
nation rules and the second virial <lata for aimiiunia give values much^highor 
than the expeiimentaJ values for all the systems. This is due to the hnv value of 
(T fur amniojiia due to liydrogen bomling a,s remarked eaiJier. lA^hen the fon'e 
constants from viscosity ai-e used, the agreenient is fairly satisfactory but .some 
discreyiancies are observed in the eases of NHy-He and NHa-^Ne, systems, wliich 
may be due to either the inadequacy of the combining lavs or jiossihle errors in 
the foriic constants of jiure compoiienls. 


P()K(^E PARAMl^TEKS E O ]{ AMMONIA KKOM PI FEU ST ON 
C O E E F I (! I E N T S OF PIN ARY MIXTURES 

Tile force parameters for unlike iiiteraction.s obtained from the ex^ierimental 
values of Dyi can be utilized to calculate the force constants of ammonia by making 
use of the combining laws and the available data for the dipole^moment oi NH^ 
and the polarizability and the force constants of tlie nonpolar molecules. In 
this way, a set oi“ values for the foriio con.stants is obtained from the data of 
each pair and these are recorded in Table TIT, along with those obtained earlier 
from the diffusion data of NH3-A and NHg-Kr, by Srivastava and Srivastava 
(1962) and also from other sources. It wilh be seen that the different sets of 
values obtained from iJy^ data do not agree very Avell among themselves and 
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further, the tr values arc generally Romowhat higher and the t/fc values hwer 
than the values given by Monehiek and Mason. AIh(j the o-- value obtained 
from -B(r) is too low but the tjk value ih fairly reliable. 

table hi 

Force constants of NHj, for 8tockjnayei' i)f)teiitial model. 

From D]^ (oxpt.) and conibiiiatjun rulos Mi'an h’rom From 

Fiijtc gas ^ vallio vjscoaiiy H('r) 

cons- pair ^Jlfg-Ko NHa-No NHa-A NK;,-Kr* NFf.rXc* (Mon- 

liints • cluck 

and 

Mason) 

ijk 'K 343.8 308 8 309 7 333 0 331 U 337.3 3'. 8 320 

A 3,240 3.280 3.21.7 3 10.7 3.130 3.200 3,10 2 00 

*SrivuBt:ava and iSrivastava (1902) 

Our experiments give for ammonia the mean value tjk — 837, rr 8,21 a.s com- 
pared to Monchiok and Masorrs value of tjk -- 858, tr — 8,1.5 wliich were calcu- 
lated from viscosity data by using an approximate theory. Further, from the 
lack of good agreement between the different sets of values, it appears that the 
combining la\vK for polar-nonpolar inteiactioii give good approximation but are 
not quite adequate for ai'curate ^^'Ol'k. 
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•jonlineakitv of thermal expansion of sol, 

with temperature 

(J, B MlTl'kA ANii H. K. MITRA* 

,,v,. ;n.w ..v /NsriT. tk .,k ’I'm HV«u»a-, 




JfffUKtn/ 


, . Ti-iii' liifTrarlion l<*(‘hnujinn has Imm utilMml for 

AaQTRACT .l/i f)AUy.mK* „ 

ABblnAiAi- ^ormanium mid tour i\lIovs ooth 

■iouti^ iomjwnduvoH hotwi^iui JO ( to oOO 0. (ooth- 


(htormoiniff 

no ,IM;o,„-o tahuvn Ou. oh.on-orl „t n 

„„v, „.u/ U...( o’o.,l,l 1.0 uW,uM,«/ ,t H,o oo,Mo,onl. „l ll,onm,l worn ™n.stanl, 

,l« room roluo lior l-xol (..r.l.«d (/m 'mlo.llHlou-, (lu.iumi 0X).,inaHJ.i ,it tliul 

‘ J*in(.s of lopn.Hints of fJio 'oiioriiulouH flionnuf (.xjxmHioJiH «i( varjQjiK toiJij)ora- 
(m.H Midi tlio iwipionilH of fjiocoi'ios|)oiniiiip fompoiatiiio^ ui K foj all Mio sulwfufinw si luhod 
Jjuvo l)Hna found fo lio .^tmiglit linos, rtloj)os of winch have boon obsoivoti ki bo o/’Dio oi'doi of 
Mil) vacauL latlico Hilo afli\a(-Jou oiiorgv of l-lio coiiospoiidiiif; sohdH. 


I T K () D U 0 T 1 0 N 

TJic tlicniial oxjJcinsioii nt solids hiis boon altnliutod to the iinlLiirnionio vi- 
bration of atoms about their iiiocin position. The a\oraj^fo position of atoms at 
teiiipLM’atiii'e T'K has been sliown to Ik* 

r - ;iA'7>/4r/- 

whoro k IS the Boltzmann constant and /> and q aic oonKlants occurring in (ho 
expression lor the interatomic potential function. Thus the cuetlii'ient of thennal 

expansion ^ nhei'c .ly is the position coordinate of the atom at ()"K,isexi)eeled 

to be mrlependeiit ol temperature in other words, the length vs temperature 
(« — 7’) curve should he linear. ILowevei. experimental {a - T) curves are found 
to be nonlinear showing that the coefficient of thermal expansion is deyieiident 
on temperature. Lawson (1950) studied the nonlinearity of the thermal (*xjiansion 
curves m the case ol silver halides He defined a lunv (piantitv 

s - -UAJ Tr)<H 

f(r 

wluu’e a,p was the lattuse constant at temperature y'®K 

ftj. was the lattu,e constant at room teinperaturcr Tt"K 
and ocr was the coefficient of thermal expansion at 7V"K. 

*J I’Ohcnb arldroHs : J’hysicul Motiillui'fjy Sechon, irnivfti*sii;s of (lalifomiti, Ihwkoloy, 
(Jaliforniii, U.iS.A. 
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Lawson (liinO) named the quantity ‘S' as the ‘anomalous tlierinal expansion’ 
because it indicated departure of the Uj, value at 7’ K from the value predicted 
if the coefficient of thermal expansion (a^) at 7V°K were constant even iipto the 
temperature T'^K. Lawson (1950) plotted log S against 1/7' for silver halide 
crystals. He obtained a linear relation between the two quantities. This led 
to the equation 

^ A o.x]){ -UIRT) ... (1) 

v'liero A and if are arbitrary constants. The similai-ity of tJiis c(/ nation with the 
iviation representing the concentration of defee is with teiujici ature Jed hnu to 
attribute ihe 'anomalous expansion’ to flefects in the crystals, LaAVson (lfJ50), 
therefore, attemjitcfl to identify U with the activation energy of siJA^er in silver 
halides. The value of the aetiv^ation energy ealeulated from the thermal expan- 
sion data was found to agj*ee more or less with that fioni other data and Lavrsfin 
(1950) even elaiined that the defects could he distinguished as the iSchottky type 
or the FnMikel type Ibio (l!)52) obtained the same results for sodium chloride. 
If'ischmeister (195()) found that the iilol of big against I /7' in the I'.asc of alkali 
Iialides was not strictly linear. The values of the activation energies ealeiilatcd 
li’oiii tlie mean sti’aigUt line curves wiu'c found to differ quite eonsidiu’ably from 
llu)se ealculai(‘d from electrical conductivity data. 

Fletcher (1957) ami Fastabrook (1957) liavc shown theoretically that non- 
linearity of the thoi'inal expansion curve follows from Gruneiseii ct|uation itself. 
TluiV have, however, not lieen alilc to explain the experimental results of LaAvson 
(1950) and ITno (1952) as embodied in Fq (i). Since, as vet, no theoretical proof 
of Ei(. (1) has been provided, it has been consul eied worth while to investi- 
gate liow lar it is \ alid experimentally and iindor what cii cu instances. Since all 
Ihe previous woik has been carried out with ionic solids only, it was decided to 
exi-end the investigations to metals, alloys and seniieonduetors. With this in 
view. Ill eours(» ot the jiresent work, thm-inal expansion of copper, gold, aluniiniiiin 
gennaiiiuin and lour alloys comprising copper and aluminium has been studied. 

JC X P K B I M M N T A 

Tlie thermal expansion curves have been obtaine<l witli the help ot the X-ray 
ditfraction method. For this puiqio.se, anlbiicam 19 c-m high temperature camera 
was used in conjunction with nickel filtered copper radiations from a l^oreleo 
X-ray diffraction unit. The lemperaluro of the sample Avas controlled Avitliiii 
a range of temperature gradient was allowed to be formed along the 

length of tlie sample by maintaining the temperature of the two heater coils equal 
and stable with the lielp of two iiidepeu(Uint euiitrolling cleAuees. The samples 
wore .speetroscojiieally pure. Tlie latti(<e constants Avere determined with the help 
of the extrapolation teehniiiuo due to Taylor and Sinelar (1945). The ac(;urae> 
of measurements w^^as h-OOOI A.IJ. 

5 
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B K S U L T ,S AN D jn S C U S S I 0 N S 


(i) fh)pper 

in FigH. [ and 2 the valupH of log S for coppiM- dcsJ-rihod in tlie ])rc!vioiis Hoclioii 
liavi; boon plntt-od against J/Y'for five differeiil values of 7V viz. 2()()^ 2r)0^ 300°, 
350° and 400° K resiicctively, from the data of Nix and MaeNair (1941) and 
300°K., 400°K aiifl 500°K from the data obtained in eonrse of tlie present investi- 
gation. Tlie moan mirves aie found to lie straiglit lines in all tlie eases. From 
the slo])e,s of those straight lines, the values of U for various values of Tf have 
been oaleulated and eolleeted in the Table 1. ft is observed that the value of 
U Jies ap])roxiiiiaiHy in the range 0.1 ev to 0.5 e^ . U is interesting <o oompai'e 
it with the value of the aetivalion energy of e.ojiper for vacant latlioo sites as deter- 
mined liy Seeger (1955) and Maniiitveld (1952) Tlieir value lies in the range of 
0.2 ev. to 0.5 ev Thus, one is tempted (o ifleidity will) the vacant lattice site 
activation energy of cojiper. 



Fig. I. 'I’ho jilfit, of log S (bicuppor ugaiiisl. 1/T for 
iliflbroriL valuosof T;. (I) 2()()'K (2) 2.-)()^K (3) SOO^K 
(i) SSO^K (5) anO’K hr obtmuoa ('['om llio diiUi clno 
to Njx andMiic Naii- (11)41). 



9n ‘M 


Fjg, 2 Tho jjlot of log fi for co[)por against l/'f 
at tlu‘00 dilTornnt values of TV (1) TC 
(2) 400' K (3) ^OO^K as nbtoinad from 
tJu) proHont itumHurDinont. 
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TABLE T 


IT in ov, 

Tomp. 



A'^aluos obtained 

from data duo fo 

Nix and MarNair 

ValiiOH obiainod 
from tlio pro.soiil, 
mvostigalion 

200 

.J2 


2.')0 

.10 

- 

300 

20 

20 

.S.'iO 

.28 


400 

.38 

32 

500 

- 

.47 


(ii) (told 

J<\)v lilt* oxpcriiiieiital data liavi* been takon fi'oni the work of Nix and 
JVIacNaii' (1941). Allliongli tjioir inrestigationfi have been carried on massive 
sainph's by the interleroinctric method, the thermal expansions measured by 
tliem have been taken to be the same as determined bv the X-ray diffraction 
nudliod This is beeause ot the overwhelming experimental evidence in support 
of the eoneliision that nun roscaipie and microscopic measurements of thermal 
exjuinsioii lead to the same results provided, of course, that the specimen under 
test does not have any macroscopic impurity or blow'hole etc,. The data due to 
Nix and INIacNair (1941) on the thermal expansion of gold have been converted 
into th(‘ data on the variation of lattice spacings ot gold Avith temperature on 
the basis of the v aim* being 4.0781 A.U. at \H\\ This value has been taken from 
the table (iollected by Mason and AA^ood (1957). 

The curve is a nonlinear one whose behaviour can lie summarised by 

the ecpiatioii 


= 4.00322+4.28 Xl0-^r-h3x \0-^T^ 

when- ” 

Jog S with 1/T where T is in "IC for values of T, - 100,200 and 300°K respec- 
tively. Fig. 3 shows that the plots of log i against l/r arc all straight lines. 
From tlio slopes of these lines, the values of U for three values of T, have been 
calculated and eolleetod in Table II. 



2 ( 


¥ 


Tonip, 

Obtained from tlio 

dal a duo to Xix 


and MacN^air 

100 

.0«l 

200 

,107 

:u)n 

.320 


Marx, Coopor and Honderson (1952) have shown that t)ie aestivation enerpfies 
of eopper and ^edd as nioasin-ed by the ediange in electrical resistivity of these 
metals due to irradiation by deutej’oiis are* the same and ecjual to .15 ev. Manint- 
vold (1952) has also shown thai the clefoct lattice activation energy of gold, lUco 
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that t)f copper, lies in the range of .2 to .55 ev. TJiuh U may be idontifiod with 
the defect lattice activation energy of gold. 

(iii) Aluminium 

Aa in the case of copper, the ‘anomalous thermal expansion’ as obaerved in 
course of these investigations as well as from the data of Nix and MacNair (1041) 
has been studied. The logarithm of the anomalous thermal expansion has been 
plotted against IJT for both these sets of data. The data of Nix and MacNair 
(1041) have been convert(‘d into lattice distances of alinnimum at various tempera- 
tures on the basis of the value 4.0495 A.II. at 2r>°() as given by Mason vmfl Wood 
(1057). Figs. 4 and 5 show the value.s of log 6 against 1/7' lor 7V .‘lOO", 


19 




Fip. 1. Tlio plol. of log 5 for aliuniiiuiin 
cfilciilatod from Uio cLitu of Nix and Mac Nair 
agamaf l/T at Miron diffimmt vaIiio.s ofT^ (a) 
300"K (b) 400"K (c) r*00‘''K. 



Fig. 5 Tho plot ol log 8 for aluminiuni ns 
obliiiuod from tho presept moasui'o- 
nioiii against. 1 /T for tlii'oo different, 
values of (a) ROO^K (b) 400“K 
(o) SOO'K. 


400'^ and 500°lv. It is observed that for all these sets of values the plots of 
log S against IjT are linear. Tho values of IJ as measured from the slopes of 
those lines have been doterminod and shown in Table 111. 
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TABLE ITI 


. T/'K 

TT 111 «v. 

ObiiOTiod from 
llio (lal-a duo to 
Nix and Mac- 
■Naii 

Obtainod from 
prnsonfc invosti- 
gatjon. 

:)oo 

027 

024 

400 

O.'IO 

042 

r>oo 

ociri 

.000 


Til this (lonneclinn, ji Is iuk'iostiiifr jioto ilwil Schoock and Seoper (10/54) 
havo found the adivat ion enorfjry oi aluniiniuni J'oi sorow dislooaiions to he nearly 
0.1 J ev. wliKili is of tko same older as lliat olitained in eoiirse ol tins study. Tims 
11 can a^iain he interpreted to he the activation energy of aluinimiini in this present 
ease. 

(iv) (lerniivnimn 

For gennaniuiu the values ol log fi' v^s, 1/7’ have h(‘en shovn in Fig. 0. 
The ])lots Jiave lieiui made for T, -r- 800' K, 400'’T<; and 500''K v itli the data 



T’ig. (i Tlie plat of loK S for go.i>,on.i.ii. as obtainwl froi.. tho p.,«ant .iiaaa,.«.iuent against 
1/T for throe diffaront values ol T, (a) 300'K and 400“K (h) 500'K. 
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collected in course of present studies, ft is oliserved that all the, plots are straight 
lines. From the inclinations of these plots with the 1/T— axis, the values oi JJ 
liave been determined and shown in Table IV. 

TABJ.K ]V 



U in ev. 

.. T/‘Iv 

Obi ui nod from the 


pro, sent investigation 

;juo 

23 

40U 

3;i 

.">(10 

4J 


Here it may be mentioned that Lei aw et. al (JDo-t) obtained the value of 
activation energy ol mobility as lilLb keal/mole (LOev). 

(v) Four alloys couUiinintj copper and alumuiium 

The logarithms of the anomalous thermal exiiansioii of .OS'X, copper in alu- 
minium, r>.S7% aluminium in etipjie.r, 5% ei*pper in aluminimu and 10% copper 
in aluminium alloys for various values of the reciprocal of temperature m "‘TC 
liave been sliovii graphically in Figs 7 to JO. It is to be noted in this comiec- 



Fig 7, Tlie ])lot- of log 5 for tl»o nllov rontauii'iig 0.(l8”;, by woiglil of ro|)]i(n' iii aluininuini 
us oblaiuod fi'oiii IJu- }>i‘CKOni inoasummonls tigninst )/T ai diffaiwit values ol T;. 
(a) r»U0^K (b) 4irK (e) .‘KlO'K. 
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tion that the last tAvo alhiyts mcntionod above are two plitisD allpys and oui' ytxifUcB 
are reHtrjoted only to tho «olid Holution phawe. Slrietly (speaking, the term 
'‘thermal oxpanision” Hhoultl not be used even, in tlieHc two eases. HoM^ever, 
it has been observed that tlie lattice dimensions of the solid solution phases for 
both these alloys change with temperature in a regular way. The plots of the 
lattice dimensions of the solid solution phase against tcniperfitnre have been 
found to he regular eurv(‘s almost of the same nature as thermal ex])ansion curves 
of single phase substances. ‘The “anomalous thermal expansions’ in these tavo 
cases have been defined in analogy with that for single phase substances. The 
{(htIdT) in these eases being the rate of change of direction of these two {(i~T) 
curves. It IS interesting to note that for all these four alloys, the (logA'— 1/T) 
curves are linear, Tt is also to be noted that the values of 11 , calculated from the 
slope of tliesi* straight lines and collected in Table V, range between the values 
.07 ev to .(121 ev., thus apprtiximately covering tlio range loi the A^acant lattice 
site activation energy of co]ipcr. For the last two alloys, tins is understandahle. 
For, if the ’anomalous thermal expansion* is to be attributed to concentration 
of defects at A-arious tcnijicraiures, it can be very well done in these two cases. 
In both these cases, the lat-tiee sti’ain increases A\ith the precipitation of the 
’ tlieta” pliasi; aa^IikiIi is due to th(* segregation of copper atoms. Thus a con'e- 

TABLE V 

Values of V calculated from the slope of tho plot ot log 8 vs. IjT for some alu- 
miiiiuui-eoiipiT alloys obtained din ing the present investigation (see Figs. 7 to 10). 




U o.v 

f1oin|ioHitiou 

'Poiupomtuiti 

Oblainoij /“rum the 



I»i't)Hont iiiA'Crttigufcion 

t% t'u, OU'^'o A1 

303 

.074 

b.>- tVl.. % 

373 

.297 


473 

.l)2J 
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liitioii cdiii b(’ Lctwooji tlin prouipitatioii uf t]ie. “iliotu” phase aiul t.lie 

faet Miat the value oT LI eonespoiids t(j the vac,aiit lattice site activation energy 
of copper, fn the 5.87% aluniinium in (*opper alloy vhioh eonsists of a single 
phase till' ovc‘i wlieliijiiig majority ol atoms being copper, the thermal cjxpansion 
IS flue mainly to thc^ anisotropic vibration of copjier atoms. But it is very dilKcult 
to understanrl why in the* .08% cojiper in aliimiiiium single phase alloy tlm value 
of LI corrc^spoiids to the vac.ant lattice site acdavaiion energy of copper. The 
thcu'iual exiiansion being mostly (life to aluminmni atoms, it was expected that 
the value ol U would correspond to that for aluminium, it appears that more 
theoretifial as vtU as evjieriiiu^ntal work has to bo carried out to understand tliis 
plnmomimon. 

(vi) (,'oiiclu.s'i()n 

The identification ol L^ vith the aiitivation energy of atoms is purely emjnrical 
having no theoretical basis as yet However, the exjieTimcrit al results go to prove 
that this may have some basis of truth at least in the case of metals and alloys. 
What is intoi'esting m this connection is that in all thc^se cases studied, the act i- 
vation eneigy is dii(‘ to the vacant lattice site Lav son (11)50) and ITjkj (1052) 
had also observed that the activation emr’gv ol sodium in sodium ( hloride ( rystals 
was du(‘ to Sehottky defects. Tins may mean that thoi'inal exjiansion of solids 
IS assocuitf'd with the cre-itioii of such defect.e Thus, a more detailed study of 
this phenomenon may lead to a bettor iinderstainling of thc“ thermal exjiansion 
of solids. 
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ULTRAVIOLET ABSORPTION OF NO,r ION 

A. MOOKHEltJI ANU a. l>. TANDON* 

1*JIVSK’AL L\U01tAT0JMKM, AtlUV CoLLIMiK, 

[lie.ee teed Dn'emlH") 12, I0(jl) 

Nitrates are well known loi* their Jieavy absoryition in tlie ultrav^iolet. In 
the absence ol any knowledge, ot vibrational and electronic energy ot NOy ion, 
KiTshnan and (.SuUa (11)1)4) suggestefl [diotodissocialion of NO.^ ion into N0“o 
and 0 as llie cause of tlie two simple struetnrele.ss liands as olisei'ved at aliout 
200 m// and at dOO m// by llalban W r//, (International ( !i it ical Tallies). The 
pi‘esent authors, liowever, could not deteist the preseiKu' ot nitrite urn due. to 
])liotodiss()eiiition liy colouriiuetric method Pure alkali nitrate melts, when 
tested foi' nitril(‘ ion by iSmith and Hostoii (1001), gave negative* results, it must 
be remeiiibeved I hat in melts tlie eoiieentration of nitrite ions formeel as a result 
of dissociation should lie mori* detectable. 

Previous workers tadod to exjilove the exact position and tlie structure of these 
bands due to large, band width and due to noTi-elimination of the eonlamer and 
solvent cft'ee.t. Hence, the present aiithois elimin.ited tJie. solvent and oontamer 
eft'eel by using a UVISPKK and reduced the band width to a few' angstroms by 
im})rovefl t^'clinujiie of i educing the band wudth. Eleven salts containing NO,,” 
ion studied in this w^ay show'od that the hand at 21)0 m/c consists ottivc ])eaks. 

following Heath and Linnett (104S), Vankatesw'arlu and Sundaram (1955), 
Lindeinan and Wilson (1950) and Janz and Mikuwa (1900), the vibrat ional energy 
ul these peaks have btvm caleidated The electronic transitions weie calculated 
by the method of Pariser and Pan (195:), 1955), Pople (1953, 1955), Me Kwm 
(1900, 1901). All these calculations reveal that the band at 300 m// could be 
attriliuted to a— > 7 r* transition and that at. 200 ni// to transition. 

Oseillat.or strength ol’ these liands ^Yere calciilaled follow ing dovgenseii (1954), 
Tanabe and iSugano (1954) and Smith and Ihision (1901) from wdiich the transition 

* PhytjioH Dojnirtmeiit, Goveruineut Ootloge, Ajiiiir. 
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l)rol)abilitit‘s wor(j rlediuod. It MeoniH that oloctric dipole coupled with vibration 
iw responsible lor these biiiids. 

Utilising the observed ultraviolet aiirl infrared bands (Rani Das,, 1953) to 
the problem ol optical birel'rmgenee (Bragg, 192't; Ramchandran, 1047) the ratio 
ot the ultraviolet dispiM siiig electrons contributing to the two indices of refraction 
ni tiie case of KNO^ and NaNO..^ t ry.slals came oul as 1 :2. 

These absoi’jiiioii fre(|uenci(‘S go to show that tJie diamagnetic susceptibility 
ill the ])hiue of tlu^ nitrale ion sliould be numerically gi eatei' than that normal to 
the plane, in (iompletc agreement with the findings of Krishnan, (fuha and Banerji 
(1033) 
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THE NEAR ULTRAVIOLET ABSORPTION SPECTRUM OF 
PARA-FLUORO-NITROBENZENE 

ACHYUTA RAO, lYYANKT 

Dici^AHTMiam’ OT Physics, Gatthatj Uxivekbity. 

{deceived Jaunnry 20, 1962) 

The near ultraviolet abHorption spectrum of para fluoro-nitrobenzeno has 
lieen studied in the vapour phase using ‘burning magnesium ribbon’ as a source 
of continuum in the ultraviolet, Earlier workers, (Gruber 1953, Ungnadc 1954, 
and Schubert et al., 1957, J9i58) studied mainly the absorption spectra of its 
solutions ill various solvents. The band data and vibrational analysis mti'c 
iK)t presented earlier for the vapour spectrum. 

In the pre.sent work a jiath length of 90 (un. was used and the sjiectra were 
taken at various saturation pressures as the container was kept at temperatures 
ranging from -15" tu 120"C. About thirty bands were measured m the region 
lM) 00'2()30A. The bands on the short wavelength end wei-e found to be 
diffuse probably due to predissoeiation. The 0. 0 band was identified at 287t).() A. 
(34754 cm“^). Most of the observed bands could be interpreted on the basis of 
ino ground state (150 and 230 cni"^) and seven excited state (149, 202, 389, 430, 
732, 940 and 1529 cm~’) fundamentals. 

Definite conclusions can not be drawn until the ortho and meta isomers aie 
also studied in detail in the vapour phase. Secondly, Raman and infrared absorp- 
tion (lata for these compounds ivorc not available in literature to make any cor- 
relation of the observed fundamentals with those data. A (iomplete investigation 
of both the electronic and vibrational spectra of these three iH(micrs is undertaken 
ill tliis laboratory. 

Tlie detailed paper will be published shortly. 

A civic OWLE DOME NTS 

J-Mic author cxprcs.so6 his grateful thanks to Prof P. (I Mahanta for his kind 
interest in the Avnrk. 
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MAGNETIC STUDIES ON CO++ ION IN PINK AND 
BLUE SOLUTION OF CoCL 
T. MOOKHERJI 

PflYBiaa LlBOItATOUtBS, Aqba OoLLBCHi, At; PA 
{Beuived August 17, 1961) 

ABSTRACT. The striking contrast in the magnetic behaviour of six-coordinated 
(pink) and tetra-coordinatod (blue) Co++ ion in aqueous solution of cobalt ohlondo, predicted 
by the theory is verified experiiiioni-aUy. The moment of hexa-cooi‘dinatod salt deviates 
moi'c from the spin-only value than that of the totra-coordinated salts. The moment of thebhio 
salt JR almost independent of temperature between 307°K and 345“K while that of the pink salt 
vanes slightly. Tlio moment of Co++ ion in hoxa-coordinatod cobalt chloride aqueous solu- 
tion was found to increase slightly witli dilution which may ho attributed to distant atom 
effect. 


IJSTTliODUOTION 

The change of pink colour of aqueous solution of Co++ ion salts, to blue on 
the addition of an alkaline salt has attracted much attention and many theories 
have been advanced to account for the observed change in colour. 

Hill and Howell (1924) by comparing the absorption spectra of solution of 
Co++ ion salts, with those of solids of knoum crystalline structure came to the 
conclusion that the solid blue compound is associated with four othej* atoms, the 
same arrangement accounts for the blue solution and that in the pink solid and 
pink solution the Co * + ion is associated with six other atoms. 

Krishnau and Mookherji (1937 and 1938) as a result of magnetic moasurements 
on single crystals of blue CS 2 C 0 CI 4 and also the pink variety observed that in 
pink salts Co++ ion has an octaliedral distribution of negative charges while for 
blue salts the negative charges have tetrahedral symmetry. This is also supported 
by X-ray fine structure studies on these salts (Hofmann, 1931; Powel and Wells, 
1935). Therefore a single crystal of blue Co+-^ ion salt behaves like a single crystal 
of Ni++ ion or Cr++ ion salts magnetically according to crystal field theory (Van 
Vleok, 1932). 

In state of solution the lattice structure breaks down completely but the 
individual units retain their identity (Krishnan. 1939; Chakravarty, 1942 ; 
Mookherji and Chhonkar, 1969). Hence magnetic properties of blue solution of 
cobaltous ion must show the same characteristics as Ni'*”^ ion or 0 r+’^ ion salts. 

Thus a study of magnetic properties of blue and pink cobaltous salts in state 
of solution and viewed ip the light of crystaUine field theory of Van Vleck would 
be interesting. 
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JflXPKBlMENTAL 

F(jr tho measurement of susceptibility of solution a very sensitive and 
accurate microbalance as developed by Neogy and Lai (1962) was used. The 
balaiKje consists of a light pyrex glass beam, which is supported at its centre by 
a thin quartz fibre running at right angles to the glass beam, This quartz fibre 
is stretched between a chuck and tho torsion pin of a torsion head. The chuck 
end of the quartz fibre is first fused to a small quartz rod which is then fixed to 
the chuck, to ensure nonslipping of the fibre from the chuck. The whole arrange- 
ment is enclosed in a wooden box with sliding glass cover and windows. The two 
ends of the pyrox glass beam projects out of tho glass windows. 

A (ioil made of thin copper wc is fixed to the centre of the glass beam with 
its piano horizontal. The two terminals of the coil are taken out of the balance 
box along the length of the fibre to ensure minimum resistance to the rotation of .'j 
the beam. A light and small plane mirror is attached to the beam at its centre ^ 
which in coordination with lamp and scale arrangement allows to note the position 
of tho beam. To reduce mechanical vibration and oscillation of the beam a paper 
(lamping vane is attached to one end of the beam. The coil is connected in series 
with an accumulator key, 1 ohm standard resistance and rheostat (for coarse 
and fine adjustment of current). The terminals of 1 ohm coil is connected to the 
test terminals of a portable PYE potentiometer capable of measuring 0.01 mV. 

The solution is filled in an ampule and suspended from one ene of tho balance 
beam with a line nylon fibre, passing through a hole at tho bottom of the window 
cover and protected on its way to constant gradient position of the fiel^l by a 
glass tube. Constant gradient was obtained by using special pole jiieiies (Lutta 
Rcjy, 1955). Tho push or pull on the solution is measured in terms of the cuiTont 
sent through the coil which in turn is measured as a voltage developed across the 
standard resistance by tho potentiometer. 

Tho susceptibility of the solution (unknown) is determined by comparing the 
push on it with that on purest variety carbon tetrachloride; and the pull on it 
with that on nickel chloride (as solution at a concentration of about S 0 %), taken 
as standard. 

Thus, if the force on CCI 4 or NiClg solution is Fg for volume V, with volume 
susceptibility and the force on unknown solution is F for volume V with 
volume susceptibility k, then wo have 

F' r '(*-!;) v 

where Ig' and F are the currents required to balance the force on standard and the 
unknown solution respectively, corrected for the amount of current required to 
balance the force on empty ampule, and is the volume susceptibility of air, 
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From this we have 




mj, r 

m '// 



P. 



p, and p are the densities for standard and unknown solution respectively. 

Temperature vai'iation of moment was measured by a modified Gouy balance 
(Bose, 1935). 


pH value was measured by a Cambridge compact typo pH— meter. 
K E iS U L T S 

The results are collected in Tables 1 to V. Mass susceptibility was calculated 
by assuming Wiedemann’s additive law i.e., Xg„i — 
where G — weight of substance diasolvcd/total weight i^f solution. 

The effective Bohr Magneton number is given by the expression p.^ = 2.827 

X where X\f is the gram-mol. susceptibility corrected for diamagnetism 

and T is the absolute temperature. 

The pH value of the solution was found to be fairly constant up to 4%. 


TABLE I 


TABLE II 


Temperature 307 ®K 


Temperature 307 °K 


Concentra- 
tion. of CoCla 


0 4493 

4.848 

0 4193 

4 . 856 

0.3845 

4,868 

0.3219 

4.893 

0,2679 

4.913 

0.2520 

4.919 

0.2339 

4.929 

0.2220 

4.930 

0.1860 

4.951 

0.1674 

4.962 

0.1508 

4.973 

0.1329 

4.979 

0.1120 

4.987 

0.0860 

4.989 

0.0680 

5.019 

0.0496 

5.094 

0.00978 

5.164 


Concentra- 
tion of CaCU 


0.2743 

4,433 

0 3009 

4 323 

0.3223 

4 291 

0.3434 

4,232 

0.3723 

4.154 

0.3973 

4.076 

0.4327 

3.934 
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TABLE III TABLE TV 

Concentration of C 0 CI 2 = 0.2916 Concentration of COCI 0 = 0.224:8 

Concentration of CaClg = 0.4140 


Toinporaiuro 

“K 


TeinpornUir© 

OK 

Hb 

305 

4 906 

307 ‘ 

4.010 

.315 

4.905 

315 

4.016 

320 

4.903 

320. 

4.008 

325 

4.896 

825 

4.012 

330 

4.S86 

330 

4.010 

335 

4.871 

.335 

4.002 

340 

4 857 

340 

4.015 

345 

4.844 

345 

4.000 


TABLE V 


Concentration of CoClg — 0.2120 
Temperature 306°K 


Solution of C 0 CI 2 in 


Methyl aloohol 

3.925 

ICthyl aloohol 

:i.930 

Amyl alcohol 

3.941 


DIROUSSrON 

a. Mutv/il mveraion of Starh-lmeh for tetra-and 1iP.xa- coordinated (70++ icm aalta. 

Following Van A^eck (1932) the Stark patterns of octahedral O 0 ++ and Ni+^' 
ions whose ground states are d"^ and d® respectively are veiy similar, except 
for the important difference that the pattern for *F is inverted with respect to 
Since in the Stark pattern the triplet is the lowest for cobalt there will be a 
large orbital contribution whereas if the singlet is lowest then there will be a less 
orbital contribution to the magnetic moment. Thus, in ordina^ cobalt salt one 
expects more orbital contribution than ordinary nickel salts. This is what is 
observed cxi)erimentally (Krishnan and Mookherji, 1938; Bose^ 1948). 

According to Gorter (1932) an octahedral arrangement ot negative charges 
about the paramagnetic ion will give rise to a cubic field of positive sign while if the 
paramagnetic ion is surrounded by four equal negative charges lying at the corners 
' of a tetrahedron the cubic field will be negative. Thus, for a negative cubic field 
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the Staj-k pattern will he reverse of that obtaining with the ootahedval distribution 
for the same ion. , . 

b. Pink amd him cohaU salts 

From X-ray fine structure studies (Hofmann, 1931) on pink cobalt salts it 
was found that Oo+<- ion is sun-ounded by six water dipolos forming an appioxi- 
mate octahedron. In state of solution those ot'-tahedrons retain their identity 
as has been mentioned already, and hence in a pink cobalt salt hexa-coordi- 
nation results. 

Powel and Wells (1936) by X-ray analysis of blue chlorides of cobalt with 
alkali metals found that the Co++ ion is closely associated with four chlorine atoms 
which form a tetrahedron about the Co+<' ion at the centre. Thus tetrahedral 
coordination may be expected in blue cobalt salts. 

c. Crystal field in blue cobalt salts 

From what has been said so far it is clear that the pink cobalt salt will be 
acted upon by a field of predominantly positive cubic synunotry on which a small 
tetragonal component is superimposed, while in the blue salt a predominantly 
negative cubi(J field with a small trigonal component will result, As a result 
the Stark pattern vdll be as showm in Fig. 1. It must be mentioned her© that 


Fjg. l. Blue Co ++ ion Pink Co ion. 

for the blue as well as pink salts the spin quadruplet is split mto two Kramer’s 
doublets by fields of lower symmetry than cubic, (jombined with the spin-orbit 
coupling. 

Thus the results obtained with blue cobalt salts can be discussed in relation 
to the splitting of the energy levels in the crystalline eloctri(! field in the same 
manner as in octahedrally coordinated chromium ion, to which the blue cobalt 
salts are analogous. 

Following Schlapp and Penney (1932) the mean magnetic moment //js is 
connected vith the crystal field constant a by the following equation 

where 180om"'^ and others have usmd meaning. Now substituting 
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from Table IT. a comes out to be equal to —161x10-®. This oompar'es very 
j'avt)urably with the value of Os^OoCl^ crystal as obtained by Bose (loo. oit.) 
namely, - 159 x 10““. 

It is significant ihat the value of equal to 3.934 as obtained by us for the 
blue cobalt salts is much less than that of pink (^oOlg soluf-ion and is correspond- 
ingly nearer to the spin-only value (3 87) as predicted by Van Vleck’s theory. 
d. Oaloulaiitm of q — the. splitting factor. 

According to Owen (1955) the splitting factor g is given by the relation 


g = 2- 


AE 


Avliere f being the spin quantum number and A spin-orbit coupling 

coeffic-ient, and/^ is the (‘ovalancy factor. Now for Go++ ion, == 3/2 and A = 
-180cm-i, so 


g ^ 


2>hl2xlS0 


P 

AE 


Now PILE ~—a and hence suppling awe have 

g = 2.32 

There is no experimental data for CaCla™ CoClg system. But a comparison with 
the {/-value (2.29) foi' the blue crystal CsgCoOlr, shows that ve are in the right line, 
c. Variation of moment with concentration • 

Wc have measured tlie moment of pink CoClg solution at different concentra- 
tion within a I’ange in which the value remains fairly steady. It is observed 
(Fig. 2) that //, -values increase slightly Avith decrease of concentration. The 


VaKiNrwNQr^ViTH CenuimNTiiM 



>0 30 40 

Concentration — ^ 

Fig 2. 


electric field acting on the paramagnetic ion can bo taken as made up from primary 
water clustei’ and that due to the effect of distant atoms. As a result of dilution 
the distant atom effects may change making the electrostatic field on the Co++ 
ion weaker and hence there is an increase of the magnetic moment. On the 
other hand it is very probable that in the state of solution a certain peroen- 
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tage of tetrahedral coordmation is present which decreases with decreasing 
concentration, tending to increase the average inonient. 

The observed variation of moment with concentration in the rangi'. of .45 to 
.07 can be expressed by a formula of the type 

^ + 15 . 0 , 4 - 6 ’. 6 ? 

By elaborate least square method the value oi A, B and C have been evaluated. 

The oalcjiilated values of with these constants are compared with the 
observed values as shown in the table. 

TABLE VI 

A -- 5.004, B — 0.007141, C 0.00000308 


CoilCGU- 

tratioTi 

M£ (ob^) 

Mji (calf.) 

o.44tn 

4 848 

4.847 

U.4193 

4.856 

4 H5() 

().3H4r) 

4.868 

4 . 868 

0.. 312 19 

4 893 

4 893 

0 2679 

4 913 

4 914 

0.2220 

4 936 

4 936 

0.1860 

■1 .961 

4.953 

0 ir308 

4.973 

4.072 

0 1120 

4.987 

4.989 

0.0680 

5.019 

5 018 


The variation of jn case of the blue salt with variation of concentration 
of CaClg is shown in B’ig. 3. The moment falls Ifom 4.930 to 3.934, nearer to the 


1 

" ^ VnRinTtonOr ^^WimCoNcuirtiiTioNOrCaCli 
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Mass of OaOlg — > 

Fig. 3. 

spin-only value. It is evident that only at a concentration of 0.4337 of GaClg 
almost all pink salt is converted into blue. 
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In state of solution the blu^) salt approaches more near to the spin-only value 
(3.934) than in the crystalline state where it is 4.46 (Bose, 1948) at 297®K and 
behaves like an /S'-state ion, but in these two cases the ligand atoms are probably 
somewhat different. Fahlenbraoh (1932) obtained witli OoCla in pyridine and 
ethyl alcohol solution a value of 3.83. Our values for nonaqueous solvents are 
(jlosor to the spin-only value (Table V). 

f. Temperature variation of moment 

We have already seen that the Stark pattern of the F^-state ion under a field 
with positive cubic field coefficient the singlet may either correspond to the highest 
or lowest value of the energy in the pattern (Fig. 1). 

If the singlet lies lowest, since the triplet will be far removed from it at all 
ctrdinary temijeraturos practically the singlet level will be only occupied. Hence 
the total magnetic moment Avill be the contribution from this level and the tiontri- 
biition from the upper levels, which will be independent of temperature. Thus 
there vill be small deviation from simple Curie law. 

On the other hand, if the triplet lies lowest the separation between its compo- 
nents will be comparable to kT and the population of upper components of the 
lowest level will be quite appreciable. The temperatnre variation will therefore 
naturally be complicated. 

The singlet in the Stark iiattern for Co++ ion in the blue cobalt salt lies 
lowest as cubiii field coefficient is negative in it and hence its moment will be almost 
independent of temperature . This is wliat is observed within the range studied 
as shown in Fig. 4. » 



Toinperaturo 
Fig. 4. 
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For the pink cohalt salts, the triplet lies lowest as cubic field coefficient is 
positive and henee, Hhould vary with temperature. The variation of witli temp, 
is shown in Fig. 4. With 0 29 coneentration of eolialt in the solution we liiid that 
fiji decreases slightly with the rise of tomperaturc. Fahlenhrach (1982) has also 
observed such a change with a solution of coneentration of about 0.07, 
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CERTAIN OPERATIONAL CHARACTERISTICS FOR 
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ABSTRACT. Sovorul vwy useful duvroeteristics, ossontial for an adoquato porfornianoo 
ol tlio 0 K.(J, 2 I-I(). 1 CJ typo iiiaH.s spoeti-oinolor. liavo boon loooidod by using boron tnfluorido 
gas siinifiloH. Dopoiidonoos of jon ciiri-onl on the energy of the ionizing filoctrons, ionizing 
ourioiil, suinplo jirossuro, K^pollor* settings luul ningnoi curnmt have biwui disoussod. Consii- 
iJemtion has also binui given to the eiueking pattein of boron trifluorido gas, nioniory effect^ 
and the pori'ontage otfioionoy ol the filaiiiont All Ihese individual characteristics uixi | 
oxtj'omol> useful in selecting the pioper operating conditions. \ 

IT^ T 11 0 D U 0 1 0 N 


Since the first spectrometer ol Aston (1919) con8iflerabl(3 advance has hcoii 
made on this suhiec t and is adecpiatcly desenhed by Barnard (1953), Duckworth 
(1958) and Weldron (1956). Several veiw precise spectrometers are now com- 
moroially available with either a semicircular, Dempster (1918), or a sector type, 
Duckworth (1958), magnetic field to focus the ion beam. Various designs for 
the ion source have also been developed, Duckworth (1958), and in fact, the 
variety of s]Jcctromcters now commercially available differ only in some such 
details. Positive ions, after acceleration througli a ])otential difference, K, 
acquire kinetic energy, Ve — where m, v and c represent the mass, 

velocity and charge of the ion respectively. A fraction of this beam after colli- 
matiun is deflected by a magnetic field ol strength II in a circle of radius R so that 


we have finally 

m_ 

e ’ 2P' ' 


... (j) 


The different ion groiqis then in turn, c.an be brought to focus on the ion collector 
for delection by ajjpropriatcly varying the accelerating pottmtial, F, (electros- 

*Physiiia BoparLiiicnt, U.ijaHihau Univoi-aily, Jmpur. 

m 
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tatic focusing) or by varying tho magnetic field, H, (magnetic focuaiog). Ad- 
vantages of both these types of focmsing as well as the use of eitlier .sector or semi- 

circular magnetic field are well known and the criterion for a particular choice 
depends upon the purpose and precision to which it is aimed at. 

The Consolidated Electrodynamic Corporation, type 2J-103C, mass speciro. 
meter uses the Dempster type, also called as 7 r-type magnetic focusing, and ha.s 
an ion source which is a modification of the Nier's pattern (1940, 1947). The 
filament assembly (filament, heater and the shield), anode, repellers and the three 
accelerating and collimating slits are referred as the Isatron, as shown in figure 
]. In this instrument the magnet (uirrcnt can be varied from 0.070 to 0.750 



amp in three steps and the accelerating potential from 400 to 4000 V, again in 
three steps. With the Spectro-SADIC data processing system model 34-104, 
in the circuit the maximum voltage drops to 3400 V. The instrument provides 
for electrostatic scanning and covers w/e values upto 700 by appropriately chosing 
the magnet cun-ent and the collector slit. The instrument also provides controls 
to vary the energy of the ionizing electrons, tho ionizing cuiTent, and the repeller 
plates potentials. In this paper we liave investigated the effect of varying these 
controls by running boron trifluoride samples. A detailed description of the 
instrument is given in the operation and maintenance manual provided by the 
manufacturers (1955). The ion current, whioli is usually of tho order of 10~^“ 
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atiLj) or more, la fed to a preamplifier through a rcKistor of 5 xl 0 i®ohin, and the 
output after furtlier amplifieation ih fed to the recording aytstein, consisting of 
an ordiiiaj-y under, oi a i)hotographi(; device or a digital automatic computer. 
I’liis uiHtruinent is also fitted Avith an eletdroiuo device to mark the mass index, 
and an automatic controllefl heating at 2.50°C for the ionization chamber. The 
instrument has a very efliiuent gas inlet system and all the gaseous or liquid 
samples, which have enough vapour pressure (,> 20 //) upto ISO^'O, can be effi- 
ciently analysed The gas inhd. pressure can be measured by a micro-manometer 
from 0.1// to appi'oximately 500//. The gas enters into the Jsatron through a 
molecular leak, comprising of two tiny holes in a gold foil, imbedded in a glass 
tube. 


•to X r E R 1 M E X A L 


(a) (kack{,v(j pattern 

When boron trifluoride is ionized by electron bombardment in the Tsatron,) 
it breaks down to give the principal jieaks BF^■ and B ' , as shown 

111 Table I In ])rin(.iple, it is possible to calculate the ist)topic abundance of 
boron by making measurements on any of these peaks. In actual jiraetice, it 
gets coiiiplicat-t‘(l beeaust' of the mass discrimination effect in tlic Isalroii and 
inter ferenee jieaks. Btmtiey (1957) found tiiat if the ratios 7?(48/4fl)and I) 

are measured th(‘. value ol the quantity, a — i^(l()/l 1 )/7i!(4S/49). is approximately 
constant Aoirying from I 00 to 0.01 and having a mean value of 0.04. In most 
ol oni’ mt‘asiirenients this ratio was close to unity with an average depaarbure of 
3% and a maxmiiim oJ 0 %. All the fragments <*ausing interferenee ptfaks can 
he prcAmiited from enteung into the Isairon by cooling the BF^ sample to aliout 
— son'll, say with solid ijarbon dioxide. AVc, liOAVever, lia,(l a few undersirable hack- 
gi’onnds hccaiise of oi ganii; compounds like ethei etc. and ])ump oil. This back- 
ground was fairly constanl and avc do not anticipate any material error because 
of this Jt IS fmtlicr interesting to note that the relative magnitudes of the 
pimcipal peaks, found m the present work, are in disagreement with Bentley 
(1057). lie fouiifl liF^ , peak bigger than B+ peak. On the other hand our results 
arc 111 (pialitative agreement M'lth those of Palmer r/ a?.(l056), We took this cracking 
jiattern w ith Avidely different samples of B^" eoneentraf-ion and after long gaps 
but aUvays found a similar ii'cnd. In the present A^'ork all the isotojiic abundances 
have heim eompiitefl from elemental B+ peaks whieli have no inf erference effects. 

(b) Mrmmij effect 

The memory effect is caused by the adsorbed BF 3 gas on the A\alls of tlie gas 
inlet system, Isairon, analyser tube, and also because boron of the gaseous samples 
exchanges witk that present in the ])>tcx glass. To reduce this offe(;t the system 
shoukl be baked in between tAAo samples so that the adsoi’bed BF^ gas gets 
desorbed as much as possible, and also the system should be flushed several times 
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with the fresh sample. Bentley (1957) and Palmer e.t al. (1956) have disenssed in 
detail the various ways to reduce the memory effect. 

TABLE 1 

Cracking pattern of horon trilliioride gas enriched 44.3% in Bi”. 
Filament current — 3,6 amp, Jonizjng voltage 70V, 

Ionizing current l5/^u, Magnet current — 227, niA 
R-epeller settings — 26 and 60, Sample pressure — 50/^. 


m 

Principal 

Vorconlage 

Iniorfoj’once 


peaks 

peaks 

10 

Riot 

G 8 


1 1 

RiiJ 



28 



SizH 

29 

B<op| 

) 

1 2 

Sl2l‘ 

.‘10 

31 

IPiFJ 


HBioF, Si’o 

HBijp 

47 



HBioF(()H), vSizsF 

48 

R'op.q 


HB'JF(()lf), Siz»F 



89 9 


49 

i-hiFmJ 


B'B"»F;,, Si 'OF 

r)0 



JFBitFi 

07 

BI0F,| 


Si2^ J^'.^ 

OK 

Blip,) 

2 1 

SiJoF. 

85 



ISj'Zf-F;, 


Table il shows the effect of nine flushings with a sample of BF3 enriched upto 
.S3 /o in B^® in the spcc-tronieter which previously analysed a sample of 44.3% 
enriched in B*®. The B^” and B^^ peaks W'ere recorded for each flushing aflei* 
first and fifth minute of introducing the sample in tlie Isatron. No attempt was 
made to keep the iiressure (constant diu*ing this time. Jioth the peak heights 
for masses 10 and 11 went dowm with time. The one minute readings correspond 
almost to the situation w hen the sample has been introduced into the Isatron and 
probably the diffusive mixing of the sample with the adsorbed layer on the wall 
has started. As the time passes an equiUbr*ium is attained and the previous 
adsorbed layer dilutes the introduced sample and hence the percentage of B^‘^ 
decreases consistently in each flushing w'ith t une. This difference levels off with 
the increase in the number of flushings as the adsorbed layer gets more and more 
into eipiilibirum with the sample. The boron of the glass exchanges only with 
the immeiliate adsorbed layer on the glass and therefore, this process will involve 
longer time as well as the larger number of flushings. This mechanism is fully 
confirmed by the records of Table II. 
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In another attempt records were taken of the percentage of as tlie system 
is flushed a number of times with an enriched sample. The results ()f flushing the 
spectrometer with an enriched sample ef approximately 44% which ana- 
lysed previously a 10% sample are; iwentytwo flushings increased the pre- 
contage of B^® from 25.2 to 31.0. The removable parts of the gas inlet system 
were then cleaned by (NH 4 ) 2 F and a fresh sample introduced. Ten flushings 
then raised the percentage of B^“ from 35.0 to 37.3. The system was then again 
cleaned and eight flushings boosted the value from 41% to 42.5%. These clean- 
ings and flushings wore repeated for three tiiiies more before fairly steady results 
were attained. 

(c) D&peiideiice oj the ionimiion prohabiliiy on the energy of the ionizimj electrons 
The phenomenon of the ionization of gases by the electrons of diffei’ent oneigy 
has been discussed by Francis (1960) and others. We have measured the ion 
current as a function of the energy of the ionizing electrons for a fixed value of 
the ionizing current, magnet currenf-, gas pressure ami repel ler settings. The 
results for masses 10, J 1 , 48 and 49 for the euergj'^ of the ionizing eleiitrons varying 
from 51 to 78 ev arc listed in Table III, The ion current continuously increases 
as the energy of the ionizing electrons is increased; the rate of increase considerably 
decreases around 75 ov and we have used this value for all our subsequent work. 

TABLE 111 

Ion current foi' several in asses as a function of the energy of the ioni- 
zing electrons. 

Filament (uirrent = 3.4 amp, ionizing current — 30/^A, 

Magnet current = 230iiiA, Repeller settings = 4 and 17, 

Sample pressure = 100/f. 


Juumng voltage, V 

o\ 

00 

65 

70 

74 

78 

Peak height Bi” 

15.1 

16.8 

17 4 

18.2 

18.5 

18 5 

Peak height 

17.0 

52.8 

54.5 

56.3 

57 . 3 

58 

I^eak height 

27 a . 3 

292 0 

299.0 

304 0 

308 0 

307.0 

Peak heiglit 13 1 'P-j 

878 0 

934 0 

967.0 

975 0 

990.0 

993.0 

Kalio 

0.321 

0.319 

0 310 

0.323 

0.323 

0.319 

Katio Biopn/BiJ’F-. 

0.31 1 

0.3 J 3 

0.312 

0.312 

0.311 

0.309 

a 

J .03 

1 .02 

1.02 

1.04 

1 04 

1 03 


It IS also interesting to note in Table 111 that the ratio 12(10/11) or i2(48/4U) 
remains constant within about one percent. This sluAvs the independence of the 
computed isotopic abundance ratio on the energy of the ionizing electrons. The 
value of a is also close to unity within the uncertainty of the individual ratio 
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values sh()v\'iiig the absence of memory and mass discrimination effects. This 
ratio has been calculated m some of the later tables also with similar result. 

(d) Dependence of the ion curre.ni on the ionizing current 

For the same filanujiit emission and energy of the ionizing electrons, the ioni- 
zing curreiit can be increased by increasing the anode potential in the Isatron. 
The values of the ion eurrent as a function of the ionizing current for masses 11, 
48 and 49 lor a lixed value of the gas pressure, ionizing voltage, magnet current 
and repellci settings were taken. The ion e-urrents for masses 11 and 49 are 
plotted as a funetjon of the ionizing cuirrcnt in Fig. 2. From this figure, it fol- 
lows that 1011 current increases almost linearly with the ionizing current. It can. 


at 



0 20 60 
loiii/Jiig ciirront, /^A. 

2. D(ijj(mci(MU’(‘ of Ihe um currouf on tho ionizing cuirunt. Filtunonl curront=3.4 
niiip, ionizing voltugo - 70V, magnet cniront = 2I10Tnn, roimllor setting 4 and 7 

therefore, be readily concluded that the spocironietcr should be operated Avith as 
high a value for the ionizing current as possible. Practical considerations, re- 
garding the life of the lilamcnt etc., however, require to keep it at a moderately 
low value. The ratio ol mass peaks 48 to 49 was also computed as a function of 
the ionizing current and was found to he constant within the limits of experimental 
uncertainty. Thus, as expected, the isotopic analysis is independent of the ioni- 
zing current. 

(e) Dependence of filament efficiency on the ionizing current 

As the anode fiotential is increased, keeping constant potential difference 
between the filament anrl tlio block, more and more electrons emitted from the 
filament get into the ionization chamber and consequently both the ionizing 
and the ion currents increase. On the other hand the block current increases 
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relatively slowly. The total emission from the filament is equal to the sum of 
the ionizing current and the block current. As the block current does not serve 
any useful purpose, it would be preferable to operate the spectrometer under 
conditions where it is relatively small and hence the filament is being used most 
efficiently. Let the efficiency of the filament be defined as the ratio of the ionizing 
current to the total emission current from the filament, for fixed values of the block 
potential and the filament current. It would then be intei'esting to investigate 
the dependence of the filament efficiency on the ionizing current. 

Fig. 3 gives two such plots for a fixed value of the bhick potential, magnet 
current, and repeller settings. Curve a is for a filament which had been in use 
for about a year and was about to burn off while curve h is for an almost new 
filament. It can be concluded from the shape of these curves that for a new 
filament the filament efficiency is almost independent of the jonizing current in 
the range to 20/tJ, while for an old wire the efficiency mcrcascB rapidly till it 
roaches an optimum whore it levels off. It is also seen that the efficiency for a 
new wire is much higher than that for an old wire even for a much smaller value of 
the ionizing current. We feel that a pari of this difference should be attributed 
to the orientation of the filament with respect to the slit in the ionization (‘chamber 
and t<» the condition of the filament which becomes thinner at the central part of 
the filament with usage. With the new filament the speetroiuetor was operated 
for a much smaller value of the ionizing current. 



Ionizing current, jaA. 

Fig. 3. Filament efficiency as a function of the ionizing current. Jonizing voUago— 70V. 

(f) Dependence of the ion current (ni ih^ repeller settings 

As shown in Fig. 1, there is a set of two plates in the ionization chamber 
chamber which can bo given varying potentials with respect to the chamber and 
thus help in collimating the ion beam towards the accelerating iilates. It is inter- 
3 
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esting to investigate the variation of the ion current as the potentials on these plates 
are varied. One of these plates is called as the itmer repeller while the Other 
as the outer repeller. Tables lV(a) and lV(b) respectively tabulate the maximum 
ion current for several masses as the outer repeller potential is adjusted to a specific 
value and the inner repeller potential is varied to get the maximum ion current 
or vice versa, it may be noted that readings in Table IV(b) were taken after the 
Isatron was dismantled for filament replacement, while those of Table IV(a) were 
taken with the older filament. All the other controls were given specific values 
and kept constant in taking the readings in either (5ase, and are listed in respective 
Tal)les. It will be seen that in botli the cases the ion current increases in the 
beginning as the fixed potential of the plate is increased, till an optimum value is 
reached, when ion curront does not show any appreciable increase oven when the 
constant potential is doubled. It is, therefore, advisable to keep the potential 
of one. of these plates fixed and close to some such value and adjust the potential^ 
of the oilier plate so that the ion current is maximum. i 

Tables JV(a) and lV(b) also list the ratios for mass peaks 10 and 11, and 48 H 
and 49. Within the limits of oui’ precision these ratios are fairly, constant, . 
establishing thereby that the isotopic analysis of BFg samples is independent of 
the repeller settings, a values are also listed in these tables. 

TABLE IV(a) 

Ion current for several masses as a function of repeller settings. 
Filament liurreiit ==3.4 amp, lonizmg current = 30/*A, 
ionizing voltage = 70V, Magnet current = 230 niA, 

Sample pressure = 100/l 


Outer rop('llor 

10,0 

' 20.0 

40.0 

60.0 

80.0 

95.0 

inner ropelloi 

47.0 

53 0 

CO.O 

94.0 

95.0 

05.0 

J’oak height Hn> 

;h) 1 

35.7 

37.1 

38.0 

37.7 

37.0 

Peak height BJ J 

18.4 

18.9 

19.6 

20.3 

20.0 

19.7 

Peak height Bo»F:! 

.'ll 5.0 

527 . 0 

— 

543,0 

566.0 

560.0 

Peak height BiJPn 

282.0 

291.0 

— 

297.0 

305.0 

303.0 

Balio Bio/Bii 

1.91 

1 .89 

1.00 

1.87 

1.89 

1.88 

liatio 

1.83 

1.81 


1.83 

1.82 

1.82 

a 

1.04 

1,04 

~ 

1.02 

„ i04 

1.04 


(g) Dependence of urn current on sample pressure 

As the sample jiressurc in the Isatron is increased, one wouhl expect an 
increase in the ion current and it is, t]i(*.refore, always preferable to operate the 
Isatron for safe maximum pressure to get the best precision. Even for a very 
sensitive instrument and for all the controls at the optimum setting this character- 
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TABLE TV(b) 

Ton ouTront for several masses as a fnnetion of repoller settings 
Eilament current ^ 3.6 amp, Ionizing current = 15,0// A, 

Ionizing voltage = 70 F, Magnet current 227 mA, 

Sample pressure — 50/« 


Inner 

10.0 

20.0 

30 0 

60.0 

60.0 

70.0 

80 0 

90.0 

96.0 

repoller 








Outer 

27.0 

42.0 

42.0 

41.0 

42.0 

46.0 

52.0 

53 0 

66 0 

repoUer 








Peak height 
Bio 

23.9 

24.7 

26.6 

30.6 

31 .6 

32.1 

32.1 

32.2 

32.0 

Peak height 

29.6 

30.9 

33 6 

38.3 

30 8 

40.3 

40 3 

40.5 

40 2 

Bii 










Peak height 
BioFo 

272.0 

271,0 

.307.0 

362 0 

376.0 

383.0 

391.0 

39.5.0 

397 0 

Peak height 

360.0 

360.0 

404.0 

477 0 

497.0 

607.0 

616.0 

621 .0 

.521.0 

BuFa 










Ratio 

0.796 

0,799 

0.704 

0,796 

0.792 

0.793 

0.795 

0.795 

0 796 

Bio/Bu 










Ratio 

0.765 

0.763 

0.760 

0 769 

0 757 

0.755 

0 759 

0.7.58 

0 762 

RioFa/BiiF 

2 










1.05 

1.06 

1.04 

1.06 

1.05 

1.06 

] .05 

1 .05 

1 .04 


istic is extremely useful and important. The pressure can not bo indefinitely 
increased, for then the memory effect, because of increased adsorption on the 
walls, becomes a troublesome affair. As already discussed this memory effect 
is quite pronounced in the case of BF^ and hence this characteristic is of special 
importance. 

In Fig. 4 and 5 are plotted the peak heights for several masses as a function 
of gas pressure in the Isatron and for fixed settings of the other controls. In 
Fig 5 the data were taken with the new filament while in the former with the 
old one. The sensitivity of the instrument is very much higliev with the new 
filament. This should be partly attributed to the change of the molecular leak 
assembly. In the older peak we foimd that the pin holes were plugged with use. 
The sensitivity of the instrument is now in agreement with the specifications of 
the manufacturers. The peak hights continuously increase, almost linearly, 
in this pressure range. For BFg we have selected sample pressure of 50/i, almost 
double than one should chose normally, in view of the fact that peak is only 
about seven percent of the total. Operation at still higher pressures with BFg 
gas causes considerable memory effect. The ratios of the peak heights for masses 
10 and 11, and 48 and 49 remain constant with sample pressure. The value of 
a also clusters around 1.05, 
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iSanipIo prosauro, nucrons. 

4. Do]Joiidon ('0 of ihe ion ourrenl. on Uie aainple preaaure File men ( nuirent 
= 3.4 amp. Ionising voltage— 70V, Ionizing f!urr©nt=30 p. A, Magnet rurrent 
— 230 111 A, Eopeller settings =4 and 17. 


I 

b 

I 

\ 

1 500 


100 

Sample proBBure, nvicrons. 

Fig. Dopondencv I of the lon current on tlie sample iirossure. Filament oiuTent— 3.6 

amp, ionizing cunnnt— 16 fi A, ionizing voltngo=70V, magnet current — 226 niA, 
repellor settings = 26 and 60. 

(h) VolUuje effect in the Isatron _ 

ItiH kmiwnthattheefficioncyof the leatron increases as the accelerating voltage 
is increased. The nature of this dejiendence is a characteristic of the particular 
instrument. We have also investigated this effect in terms of the bending mag- 
netic field or more precisely the magnet current. As the magnet current is 
increased a higher accelerating voltage is needed, (Eq. 1), to focus the ions. In 
Fig. 6, those data have been plotted for masses 10 and H. It is seen that the 
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ion current continuously increases as the potential of the focusing plates is in- 
creased. For mass 10 the range shown in Fig, 6 corresponds to a variation in 
the accelerating voltage from about 800V to 3100V. Thus, we sec that the 
efficiency of focusing increases as the scanning potential is increased. It is for 
this reason we have consistently kept the magnet current at 225ma. 



Magnet current nia 

Fig. (i. Dependence of the current on the accelerating voltage Tljo latter being plotted 
in tenriH of the magnet current. Filament curient-~3.0 amp, ionizing voltage = 
70V, ionizmg current - 1 .5 fxA., repellei* settinga- 20 and 60, eample 
press lire - HOfi 

Thus, it is possible to select proper operating conditions from the individual 
characteristics of this type, It may be of interest to mention here that the instruc- 
tion manual provided by the manufacturers does not give such plots of the de- 
pendence of the ion current on these variables. Chemical and Petroleum Research 
Laboratory (1959) has published mass spectral data using this type of spectrometer, 
I'hese data also deal only with the cracking patterns of a number of hydrocarbons 
but do not discuss anything about the effects of varying these parameters. 
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SOLAR AND TERRESTRIAL RELATIONSHIPS OF DAILY 
VARIATION OF COSMIC RAYS DURING THE I. G. Y*. 

R. P. KANE 

PiiYSic'Ai BKSEAJioii Laboratohy, Ahmedaiiad 
September 5, 1961) 

ABSTRACT. Solftr and geomagnetic relationship of the daily variation of cosmic 
ray niicloonio component obaeived at Climax, Lmooh^, Clottmgon, Yakutask, Huancayo, 
Makerore and IjOO have boon studied with i^aHicular attention to possible “distortion offocts” 
due to isotropic changos obaorvod world-wide in the mean lovol ol' oosniic ray intensity and also 
to the aotual scatter of valnos in mthvidual groups. No significant relationship is indicated 
for several solar and geomagnetic ontoria except for a slight association with goomagnoiic 
storms. Comparison of ainplitudoa of the first harmonic at various stations shows that on 
many days, amplitudes are largo, moderato or low aimultauoously at oil stations and tho hours 
of maxima aro mostly in the afiornoon, but soinotimea at night hours also, at all stations. 
On many other days, amplitudes are high only at one or two stations, indicating short lived 
iuiisotropie.s, though inatmniontal troubles are also indicated to somo extent. 'Dio second 
haiTnonic is smaller than the first harmonic for high latitudes; but at low latitutdes the two 
art) comparable. Many othor details are discussed 

I INTRODUCTION 

In an earlier communication (Kane, 1961) it shown that the isotropic 
changes observed w^orJd-wide in the mean level of cosmic ray intensity could pro- 
duce considerable distortions in the true form of the daily variation of cosmic 
rays. In the present pajxir, solar and teri’ostrial relationships of daily variation 
will be studied with special emphasis on detecting such distortions, if any. 

Table 1 gives details of the neutron monitor stations chosen in such a way 
that one gets triplets of stations with roughly equal longitudinal spacing. 

From those, three factors W, W' and W" are calculated by adding values for 
the same U.T. as follows ; 

W=^i(0+G-\-Y) 

... ( 1 ) 

^ J (H^Mr\-La) 

As discussed in detail in the earlier communication, tho quantities Tf , W or W" 
represent the M orld-M'ide, isotropic changes of mean lovol of cosmic ray intensity. 
Hence, if those are subtracted from the original data, one could study the genuine 

* Coiumuiilouted by Prof. V. Sarabha i 

2in 
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daily variation. Since Climax and Huancayo are high altitude stations, the fac- 
tors W and W" are less valid than W\ 

TABLE 1 


Poisson 
standard error 


Stall on 

Symbol 

Quonby & Wobbor’a 
GkioiiiHignetic lati- 
tudo 

Geographic 

longitude 

Altitudo 
( motors) 

Ri -hourly 
value 

Daily 

harmo- 

moH 

Climax 

0 

49“ 0 

106“W 

3400 

0 12% 

0.05% 

Lincoln 

L 

52“ S 

97“W 

350 

0.53% 

0.21% 

Gottingen 

G 

50“ K 

I0“E 

273 

0.41% 

0 17% 

Yakutsk 

Y 

57" 8 

130'’E 

106 

0.50% 

0.23% . 

irnanra\o 

H 

— 0“ 1 


3400 

0.18% 

0.07% 

Makeroi’o 

M 

- T 1 

3.3°E 

J196 

0 28% 

0 11% 

Luo 

Lii 

- 14“ 7 

J47“E 

S.L 

0 78% 

t) 31 % 


Bi-hourly values of (C' — W), {L~ W'), {Q—W), (1^— W'), {11 — W")s, {M^W") 
ami [La- W") wei'c evaluated and the daity variation studied hy harmonically 
analysing 12 successive hi-hourly values starting from midnight loc.at time for 
each station. Thus, for every day for which data were available, the amplitudes 
(?■,, r.^) and hours of maxima second harmonics wore eva- 

luated for Climax, Lincoln, Gottingen, Yakutsk, Huancayo, Makorere, Lac, 
(6'-~ MO, ( Tj ^ TM'), {G- W), ( Y- W'), {H - W”). [31 - M^O and (La- M^O- Averages 
of'ri, '/-g, 9^1 and gi"^nips of days selected on spo(afi(5 geomagnetic or solar epochs 
were studied. 


il .STANDARD ERROR ,S 1'’ O R A E R A tJ E S O V E R (J ROUP S 
OF DAYS 

Fot- comparison of group characteristics of the amplitudes and phases of daily 
variation, one should know the standard erroi'S of the various quantities involved. 
Generally the bi-hourly cosmic ray intensity is assumed to obey Poisson distri- 
bution. The % Poisson standard error can be calculated as o' = -4^^ where 

vN.u> 

N ^ observed counting rate and x = scaling factor. For the amplitude of the 
variou.s daily harmonics (1st, 2nd etc.), the standard error is ^ While compar- 
ing average amplitudes of two sets of days, the usual practice is to calculate 
standard ciTors as = number of days in a particular set and to see 


whether the difference {r'—r") of the amplitudes Y and r" of the two sets is outside 
the Poisson twice standaid error limit given by 

^ ^Ki 6JS^2 
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In the above procedure, it is aBBumed that all statistical characteristics of 
cosmic rays are guided by Poisson distribution and nothing else. However, 
cosmic rays are known to undergo systematic variations such as 27 -day reourrcnoos, 
Fojbush decreases, etc. Therefore, for a group of days, cosmic ray intensity, 
whether considered on a bi-hourly basis or a daily mean basis, will show a range of 
values which is guided not only by Poisson fluctuations but genuine changes 
due to physical causes. Hoth these can be taken into account simultaneously 
if the standard errors are calculated not from standard Poisson f ormulae as given 
above but from the actual deviations from mean for a given sample. This is illus- 
trated by the following example : 

Consider the dependence of daily mean intensity of neutron c-omponent at 
Climax on geomagnotio index C^,. Table II gives the iiverage mean intensity 
for various values. 


TABLE II 


Cp 

0-0.3 

0 4-0.7 

08-1.1 

1.21.6 

>1.6 

J)aya 

60 

54 

40 

14 

13 

Relative 

C.R.liit.(%) 

0.41 

I 0.16 

-0.26 

-0..'>4 

-1 44 

I’oiHHcm 

Htd. om»r (%) 

:j-0.00.') 

±0 005 

±0.006 

i-0 010 

±0 010 

Actual 

±0.16 

±0 16 

±0 18 

±0.40 

±0 60 


Htd error ( % ) 


SiiKie the Poisson standard error of the daily mean intensity at Climax is very 
small (r-' .04%), oven differences of the order of a tenth of a percent are statistically 
significant. But, in each of the above indicated groups, the % daily mean in- 
tensity fluctuates in a wide range of Therefore, one should calculate 

the actual standard error foj' each of the 5 groups by the formula 

0- = (2) 
yn Jj 

where ~ iutonsity on individual days, 1 — average value for the group and 
n ~ number of days in the group. The standard error of the mean will then 
be given by o'/'v/yi. These actual standard errors are indicated in the last row' of 
Table II. It will be seen that broadly speaking, high C^ values are still associated 
with low mean intensities, but the finer details are now not as significant as one 
would have thought they would be from purely Poisson error coneiderations. 

The same consideration should apply for the standard errors of the ampli- 
tudes of the daily variation. Since the harmonic component of the daily 
4 
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varktion is a vector, one would need to find the standard errors of its 0 hour 
and 6 hour components. Thus, if the first harmonic (r^, is given by 

cos COB sill ^ 

then . ahy = ... (4) 

whore (Tui and (rbt are the standard errors of the a^and by distributions and should 
bo calculated by formula similar to Eq. (2) to be applied to the actual set of 
{Uy, by) values in any particular group. Eor the average value of a group, 

standard error (Ts =^'i_ 

" ■ 

It may be noted that the cr value so calculated is an ‘‘estimated” value 

and hence ‘will have a standard error given by o‘/\/2». For a small group of dayjs, 
this could be appreciable. Thus, for a g^'oup of 12 days, the ciTor in standaiijd 
error could be ]/5th of the value of the standard error itself. In such case\, 
it would be difficult to fix the 'Icr limit precisely. Perhaps, evaluation of standarc^ 
en’ors from such small samples may not even be justified. Hence, in what fol-' 
it)ws, wo shall first exariiine which effects stand out as statistically significant 
on a 20 - level by using the actual standard errors; and when tlio samifies are siuall, 
we will further chock whether the group averages are not dominated by a few 
abnormally large values on individual days. 

Ill OEOMAaNETlC R E L A T I O M S H 1 P fc3 OF DAILY 
VARIATION , 

Geomagnetic disturbances indicated by the following indices will bo consi- 
dered . 

(J) Op, the daily geomagnetic planetary index. 

(2) Horizontal coniponcni of earth’s magnetic field at the equator. 

(3) Occurrence of sudden commonceinent and gradual magnetic storms. 

(I) Op Valmtf . Op is an index of daily geomagnetic disturbance ranging 
fiom 0 to about 2.0. Table III give.s the avei’age amplitudes and hours of 
maxima of the fir st and second hannoiiics of daily variation for various Cp groups. 
The folloAvdng remarks may be made : 

(a) Tlie amplitude of the first harmoific is about the same for Op values up to 
1.5 but increases for higher Op values at high latitudes. From Poisson considera- 
tions, the increase is far beyond a 3cr limit and hence one would conclude that the 
anqditudc of the first harmonic is significantly higher for Op values > 1.5. 

(b) Howeve]', if the standard errors are calculated from the actual scatter 
of points in each group, an altogether different picture emerges. Thus, for 
Cliiuax (C'), the amplitudes given in Table III woiild be associated with standard 
errors as shoAvii in Table IV. 
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TABLE III [coiitd.) 
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TABLE TV 


Cp value 

Days 

Amp. ri with 
actual StrJ. orror 

0-0.3 

12B 

0.31i0.03 

0.4-0. 7 

145 

0.38^0.03 

0.8-1 .1 

130 

0.28d:0.04 

1 .2-1.5 

80 

0.29^:0.03 

> 1 5 

38 

0 47:1:0.11 


The amplitudes in the various groups are now not significantly different 
from each other. This applies to all other stations as well. 

(o) Erom Table TV, it seems that the amplitude is in no way related to 
values. The higher value for > 1.5 is probably due to the fact that the 
number of days in this group is the smallest. This could be checked by subdividing 
one of the larger groui)S. The first group corresponding to (7^ — 0 -0.3 was 
subdivided into 4 groups of about 30 successive days. Tlio average amplitude 
with the actual standard errors are as shown in Table V f(;r Climax. 


TABLE V 


Gp 

Days 

Amp, Ti With 
actual std, error 

0-0.3 

33 

0.40i0.05 

- 

33 

O.S+iO.lO 

” 

33 

0.25±0.0G 


27 

0.28i;0.06 

> 1.5 

38 

0.47±0.11 


It is clear from Table V that the amplitudes vary largely within the same 
group and hence differences between the various groups in Table III may not 
be meaningful. 

(d) For high latitude stations, the second harmonic is negligible. For 
equatorial stations, it is almost comparable to the first harmonic. But no rela- 
tionship between Cj, and the amplitude of the second hmnonic is indicated. 
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(e) Since the standard errors of the amplitudes are large, differences in their 
hours of maxima are not significant. 

(f) Regarding slope, curvature and short-term effects, it seems that the 
amplitudes of the various groups are not altered ]>y more than about 0.1% due to 
such effe(3ts. (Compare with C~W, L with L—W etc.). This is understand- 
able, becaiusc for average.s over groups of large number of rlaj^^s, such effects tend 
to average out. 

The broad conclusion would, therefore, ho that the first and second harmonics 
of the daily variation have no relation vdth values in general. This conclusion 
is not affected by slope, curvature and short-term effects, (These will henceforth 
be termed as “distortion effects” for brevity). 

There is a possibility that days of maxima may be related to the diurnal 
vaiiatioTi with a time lag. To study this, Chree analysis was carried out with 
days of Cy, iiuixima as epoch days. A finer (dassifi cation of (7^ maxima was also 
made as follows : 

maxima preceded and followed by maxima at 27^:1 days, 
maxima preceded but not followed by maxima at 27^1 days. 

— ('p maxima followed but noi- jireeoded by maxima at 27 days. 
— Op maxima neither folloAved nor preceded by maxima at 27 ±1 days 

For each typo of Cp maxima, the vectorial average amplitudes and hours 
of maxima, of the]^first and second harnionicss were evaluated for the epoch day 
as also for —7 to +7 days for all .stations. The results are shown in Fig. 1, 
whei’c amplitudes of tlio first harmonic are plotted. Epoch dates are giv'-eii in 
Ajipendix. Full curves refer to //, G, Y, B, JIJ , La and dotted cui ves to 
(7- IF, L~W' etc. 



Fi|K. 1. Chreo diagraniH for tho amplitudes of Ihe first harmonic (ri) for Op maxima 
epochs. 
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The following points may be noted : 

(a) For OC/, there were IS epoch dates during the l.G.V. Jt will be soon 
from Fig. 1 that for some stations, the amplitudes are higher before the epoch 
tJian after the epoch. However, this effect reduces when corrections for ‘‘distor- 
tion effects’' are applied. Thus, for Climax (C), the amplitude is 0.5 % for 
— 3 day while for (C— Tf) it is only 0.32% and its contrast with the value 0,20% 
for the +1 or -^ -2 days is no more so striking. Also the actual standard errors 
are quite high. Thus, for Climax, 

For —5th day, amplitude ^ O.lOdr.lOi-02 
„ -3rd day, „ = 0.50rb.l6±.03 

" + 2nd day = 0.20dr.lJ :i.02 

” H-6thday, „ = 0.50 ±.03 ±.01 

'Tlie various ups and down.s are not statistically significant on a 2(t level. 
It may be concluded, tliei-ofore, that maxima have no relationship vith 
cosmic ray daily variation. 

(b) For maxima, there were 14 epoch days. On examining the various 
ups and downs with due attention to their actual standard errors, one is led to a 
conclusion similar to that in (a) above. 

(c) For ’* maxima, for which there are 13 epoch days, Climax and Lincoln 

show two maxima wdtli high amplitudes near the epoch and two days later. 
How'over, the amplitudes arc considerably smaller for and L— IF' indica- 

ting a large “distortion effect'’. Also, none of tlio maxima is significantly different 
from any of the dips. Hence, no relationship is indicated. 

(d) For maxima (14 epochs), there seems to be an indication that the 
amplitudes are high prior to epoch and low after the epoch. The effect is reduced 
for {(J—W) etc., but is, noveriheloss, still there. For high latitude stations 
(6\ L, G, 7), the amplitudes are high upto the — 1th day and then drop steadily 
from —1 bo aboui) ±3 days and later rise again. For equatorial stations, the 
effect is less prominent and the fall of amplitude starts earlier, from —3 days 
to about ±3 days. For Climax, the amplitudes with actual standard errors and 
their standard errors ate : 

— 2nd day, amplitude — .51±.13±.03 
-1st day, ” =.45±.16±,03 

U day, " = .64±.13±.03 

±l8tday, " == .39±.10±,02 

±2ndday, ’’ .11±.08±-02 

±3rdday, ” — .lfizb*05±-01 
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Thus, tho effect scums to ho genuine. (This is discussed further below). 

(o) In Fig. 1, the lust colniim i-epresents the curves for all maxima (59 
eyjoulis) which sJiow (iharacieristks similar to those for maxima but to a 

reduced extent. A point worth noting is that many of the maxima and minima 
are duo to ‘’distortion effects” as is evident by their absence m tho dotted curves 
referring to C- W, L—W etc. 

Jn conclusion, it seems that amongst the various types of 0^ maxima, only 
+6'^+ seems to have some rcdationsliip with cosmic ray daily variation. The 
amplitudes are large immediately before tho epochs and small after the epochs. 

It must be remembered, however, that there are only 14 events of the 
maxima during I.G.Y. The samyilo is, therefoi'e, very small and the working 
out of standanl erroi'S as shown above in (d) is unreliable. It has to be chocked, 
therefore, whether tho set of <j>^, (f),^ values for those 14 events is consistent 

within itself or whethor iho mean cliaracteristics are completely dominated by 
j list one or two events. Table VI gives the actual r,^, values for Climax 
f(jr tho epoch days and Iho +2 days for *'(7^+ maxima. 


TABLE VI 




For opnch dates 


For +2 dates 


dates (epochs) 


01 


02 

I’d%) 

01 

r2(%) 

02 

Sop. 2, 1907 

1 95 

‘TT-l-Sl 

0 51 

77 [-63 

0,84 

77- 65 

0 42 

«r -| 61 

Oct. 21, 1957 

1 .8:1 

•jr-h'S'J 

0 98 

60 

0.49 

77+30 

1.21 

77 1-52 

Nov. 9, 1907 

0 18 

vr-l 81 

0 44 

-14 

0.44 

77-1 34 

0.11 

38 

Nov. J8, 1957 

0.29 

TT-no 

O.JO 

31 

0 34 

77+49 

0 16 

25 

l3oc n, 1957 

0 72 

7r-i-7] 

0 40 

25 

0 21 

77 1 75 

0.13 

2 

Mar, 0, 1958 

0.63 

-25 

0 59 

77-1-56 

0.56 

17 

0.37 

47 

Apr. 2, J95S 

0.48 

tt + BO 

0.33 

77d 20 

0.23 

77 + 73 

0.44 

29 

Apr. 29, 1958 

0.76 

77 + 88 

0 30 

77 + 23 

0.57 

77 1-60 

0.07 

87 

May. U, 1958 

0.67 

77 + 60 

0.26 

77 + 23 

0.37 

- 3 

0.24 

77- 3 

May. 26, 1968 

0.31 

77d-24 

0 26 

77— 7 

0.60 

77 H 40 

0.17 

88 

Jim. 19, 1958 

1 07 

77 1 87 

0 27 

77— 2 

0.30 

-33' 

0.05 

23 

Jim. 21, 1958 

1.16 

77 1-80 

0.51 

77H 46 

0 27 

77 + 82 

0.04 

4 

Jun. 29, 1958 

0.51 

-39 

0.23 

59 

0 34 

85 

0.18 

77-30 

Jul. 27, 1958 

0.81 

-75 

0.64 

77+16 

0.39 

77 — 47 

0.21 

77 — 58 

Vectorial 

0.64 

77d'67 

0.13 

77 1-15 

0.11 

77 + 23 

0.03 

77 + 16 

average 

d- .13 


00 

o 

-H 


+ -08 

=1 

: .07 
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In Table VT, the amplitudes show very large fluctuations within the group. 
It is obvious that one is dealing here with a very heterogeneous group. Therefore, 
the conclusion drawn in (d) viz. amplitudes are high before maxima and 
low afterwards has to be accepted with great caution. The possibility of this 
occurring accidently is not ruled out completely. 

It would be interesting to see how the hour of maximum is affected during 
this transition from high to low amplitudes. Fig. 2 shows the Chi‘ee diagrams 
for the hour of maximum for +0^+ maxima as epochs. 





DAYS 

r’ig. 2 . Cln'ee diagram for tho horn- of maxima of tho fiiHt harmonic ( 0 i) for 'Cp* maxima 
08 epochs, 

A significant point to note in Fig. 2 is that whereas the original hours of 
maxima show large fluctuations while passing from —3 to +3rd day, the fluctua- 
tions are small (within ±2 hours) in the dotted curves, which indicates that they 
are only due to “distortion effects”. In the absence of 0—W, L—W etc., these 
would bo misinterpreted as advances or recessions of the hour of maxima!. 

So far we have discussed the amplitudes and phases of tho first harmonic only. 
For the second harmonic, the amplitudes are by no means negligible on individual 
days as can be seen from Table VI. However, the phase scatter is so large that 
the vectorial averages for groups yield very low amplitudes in general. Fig. 3 
shows the Chreo diagrams for the amplitudes of the second harmonic for various 
typos of Cp maxima as epoch days. Notable points are : 

(a) For high latitudes, the average amplitudes are low (^^.2%) in general. 

5 




248 


jR. P. Kane 


(b) For low latitudes, the amplitudes are high for Makerore and Lae but 
not for Huaricayo. This is difficult to understand. Before using for 
analysis, the data for Makorere were corrected for barometric pressure 



DAYS 

Fig. 3. Chroo ditigram lor the nuiplitiuloa of the socond harmonii- (/j) for (1^ maxima as 
©poolis 

by using a coefficient of f).72%/inb. Hg,, same as for Huancayo and Lae. 
►So the (liscropaney could not be duo to difference in i)ressure coefficient. 
If the second harmonic is due to extra-terrestrial causes, its attenuation 
clue to atmospheric scattering etc. will be more at largei depths (Brunbei*g, 
19,55) and its amplitude should be higher at higher altitudes, i.e. at 
Huancayo, whicli is contrary to what is observed. 

(c) There are many maxima and minima, but there is no consistent pattern 
for relationship with any type of 6'^, maxima. Fluctuations for Lao 
are quite erratic. 

From the above discussion it seems that neither the first harmonic nor the 
second harmonic have any relationship with gcoinagrietic disturbance as repre- 
sented by (Jp in geneiul, though some relation with maxima is indicated for 
the first harmonic amplitude (but not phase), 

(iJ) Horizontal cojyiponont of earth\s ^nagmiic field “ 

Apart from the general index of geomagnetic disturbance, one could also 
use the intensity of the (?arih’s magnetic; field as a criterion. Since the horizontal 
component represents the bulk of the geomagnetic field at equator, we have used 
data for the same, recorded at tho Solar Physics Observatory, Kodaikanal, India. 
Fioni the plot of the daily mean values of the horizontal component, days were 
chosen corresponding fco large (> JOO gamma) and small minima. Tho epoch 
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dates are given in the Appendix. Fig. 4 shows the Chree diagrams ior the ampli- 
tudes of the first and second harmonics. Following comments may be made : 



DAYS 

Fig. 4. Ohreft diagrams for tho ainplitudea rj and rs for large (Group 1 ) and small (Group 2) 
tiiiniina of horizontal rompoiioni of oartli’a iiiagiiotie field us opochR, 

(a) Group 1 oorresponding to large minima has 14 epoch days. The first 
harmonic seems to bo maximum on -“3 and -j-6 days for high latitudes. Thus, 
for Climax 

Amplitude on —3 day =?= 0,60^:0.12 d; -112% 

Amplitude on - 1 day = 0.12-£0.15d:.03% 

Difference — 0.48di0.l9dr-04% 

Thus the difference is marginally significant on a 2 (t level. For low latitudes, 
no consistent effect is observable. 

(b) For Group 2 corresponding to small minima, there are about 12 epochs. 
Here one finds that the amplitude of the first harmonic is quite lai’ge on about 
—1 day for Climax and Lincoln, but not for other stations. Also the amplitude 
is considerablj^ reduced in the dotted curves. This is, tliereforo, a clear ease of 
“distortion effect.” However, the main pattern, viz. high amplitudes prior to 
epoch and low amplitudes after epoch, seems to be shown by all high latitude 
stations to some extent. 

In conclusion, it would seem from (a) and (b) above that for high latitude 
stations, the amplitudes of the first harmonic are high before epoch and low after 
epoch, a result similar to the one obtained lor maxima epochs with the ex* 
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cjeption that the pattern is not observed for equatorial stations. The amplitudes 
f)f the second Iiarmonic do not show any consistent relationship for any group. 

Fig. 6 gives the average curves for Group 1 and Group 2 for high latitude 
and low latitude stations, with the same dates as in Fig. 4, for epochs. 


GR.l GR.2 



[•’jp:. (lueo diapranifl for average vahios oi ri, for high and Jow latitudo stations with 
OTJOchs as m Fig. 4. (iiirve A rofors tci liorizontal component of earth’s magnetic 
field. 

It will bo seen from Fig. 6 that the amplitude and hour of maximum of the 
first harmonic follow the following pattern, particularly at high latitudes : 

(i) About 4 to 6 days prior to epoch the aTuplitiidcs are low and hour of 
maximum is in the afternoon. 

(ii) About 2 to 4 days prior to epoch, amplitudes suddenly increase. Hour 
of maximum is unaltered. 

(iii) From about —2 to +2 days, the amplitudes slowly decrease arid the 
hour of maximum shifts to earlier hours. 

(iv) From about +2 days onwards, amplitudes and hour of maxima start 
recouping to the state (ii). 
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This pattern is nioi'e evident for Group 2 than for Group 1, which corresponds 
to large minima. It seoms^ therefore, that in the highly' ‘disturhed state, the 
diurnal variation patterns are less systematic. Also the high latitude and the 
low latitude stations do not show similar patterns. It is only during moderate 
geomagnetic disturbances (Group 2) that the pattern is very striking for both 
amplitude and phase of diurnal variation at both high and low latitudes. Since 
moderate geomagnetic disturbances recur after 27 days while largo disturbances 
do not, the resemblance of the pattern shown by Group 2 above with the one of 
+0^+ maxima is understandable. 

Here again, a word of caution is necessary. In Group 2 there are only 11 
epochs, So it needs to bo checked whether the pattern is largely influenced by 
single events. Table VII gives the amplitudes and hour of maximum for 
{L~^W*) for the —2nd and days, which arc days f)f maximum cjontrast for 
Group 2. 


TABLE VI r 


"-2ml day 

1 iBt day 

ri 

01 


01 

0.79 

TT- 41 

0.32 

77 -1 148 





0 23 

<^•-25 

0.38 

77-83 

0 3S 

T-! 25 

0.48 

77 37 

(),.39 

TT 1-01 

0.24 

77-36 

O.U 

TT + ISO 

0.29 

77-3.6 

1 14 

ir-[ 36 

0.09 

77-63 

j .2r> 

7r-|-07 

0.57 

77 1- 14 

0.88 

'7r~|-77 

0.11 

77-1-10 

1 04 

m- 1-104 

1 09 

77 — 62 

J .15 

•JT-l 76 

0,34 

77-163 

0.63 

<77—65 

0.38 

77 -j 58 

Average 0 . 56 

77+59 

0.18 

77-38 

It can be seen from Table VII that in both groups the amplitudes range from 
0.1% to 1.0% and the hours of maxima have a very large spread. The average 
of the first group is greatly dominated by 3 — 4 events. It seems, therefore, that 
the conclusions drawn above about the group characteristics may bo of doubtful 


validity. 
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(3) Geomugnetic storms 

Most of tho minima of horizontal component of goomagnetio held i-eferred 
to above are part of what are known as geomagnetic storms. These can be of the 
sudden eominonccment type (witli or without initial impulse) or of gradual type. 
Dates of such storms, roportod by about a dozen laboi'atories, are given in Journal 
of geophysical Research. Now, it often happens that tlio same date is reported 
as associated with a, storm of one type by one station, and of some other type 
by another. Therefore, data from all reporting laboratories were scrutinized 
and dates were considered in the following priority ; 

S.C.*S — Sudden comniencejnent stonns with initial impulse, (Severe). 

S.C.S. — Sudden commencement storms vdthout initial impulse, (Severe). 

S.O.*MS — Sudden commencement storms witli initial impulse, (Moderately 
severe). 

S.C. MS — Sudden commencement storms without initial impulse, (Moderately! 

severe). ^ 

G.S. — Gradual storms, (Severe). 

Storms reported as S.C.* or S.C. moderate and gi'adual, modoratety severe and ' 
moderate have been neglected. The dates of storms selected for analysis are 
given in Apjicndix. 

With these dates as epochs, Chree analysis was done. Fig. 6 shows the Chroo 
diagrams for the amiilitude of tho first harmonic. Following con<‘hisions may 
bo drawn : 



DAYS 

Fig. G. Chvep diagrams for amplitude rj for da^-'s of S.(\* S, S.(’-,S., G.S,, S O.^MS and 
S.O.MS storms as opochs. 

(1) For days of severe S.C*. storms, there is no relationship, consistent at 
all stations. 
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(2) For sevre S.O. etorme, amplitudes seem to rise upto the epoijli day 
and then fall I’apidly jiftcr epoch. Tlie effect is pronounced at high 
latitudes but not so at low latitudes. 

(3) For severe gradual storms, no consistent relation. 

(4) For moderately severe S. C*. storms, there is some indication of a pat^rn 
like (2) for sonic stations but not for all. 

(5) For moderately severe S.C. storms, a pattern similai’ to (2) is visible 
for high latitudes and to a lessor extent for low latitudes. 

Thus, amongst the various types of magnetic storms, tlie severe S. 0. storms and 
moderately severe S.C. a.nd S.C*. storms seem to show a pattern similar to what 
+6^^+ maxima and small H minima showed viz. high amplitudes before epoch and 
low amplitudes after epcjclis. However, a scrutiny of amplitudes on individual 
days shows that the average effects are largely dominated by data of a few days. 

In conclusion, one would slate that whereas lor some types of geomagnetic 
criteria, large amplitudes before epoch and small amplitudes after epoch are indi- 
cated for the first harmonic on the average, these characterisiitjs are not shown 
(ionsistontly for all individual events. The scatter about mean values is very 
large and the means are greatly influcncofl by individual values. Therefore, 
^vhoroas an indii'eet relationship between some geomagiielKs criteria and the daily 
voi/i'iation is not completely ruled out, the results could have also boon due to the 
fact that some dates coincide by chance with days of large amplitudes >¥111011 may 
owo their existence to some other criteria. 

IV S O L A It RELATIONSHIP OF DAILY VARIATION 

There are several solar phenomena which can be studied to see theii' relation- 
ship with diurnal variation of cosmic ray intensity. We have chosen the following: 

(1) C.M.P. t>f active sunspot groups. 

(2) Solar radio emission (200 m c/s). 

(3) Type IV solar radio outbursts. 

(4) Lcinbach events. 

(5) Solar flares. 

(1) C.M.P, of active sunspot groups 

For those, (a) the very intense and, (b) the pronounced sunspot groups were 
considered. Epoch dates are given in Appendix. 

Fig. 7 shows the Chree diagram for the amplitude of the first hai-monic. 
Following points imay bo noted : 

(i) For gronx) (a) viz. C.M.F. of very intense sunspot groups, thei-e is indi- 
cation of a imttern when amplitudes arc higha few days (~3) before 
and few days after the epoch but quite low on or near the epoch days. 
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(ii) l<^rom statistical considerations, the effect is marginally significant 
on a 2cr level. But on inspection of amplitudes on individual days, 
a very large scatter is observed. Averages are affected greatly by indivi- 
dual values. 

(iii) For group (b), no clear relationship is indicated. 


GR (b) 



BAYS 

Vig. 7. Oliroo diagi aiii for ?’i for C.M P. datos of (a) very iiitonso and (b) pronounced flunspol 
groups as epochs. 

(2) Solar radio emission 

The maxima of the daily index of solar radio emission A^'^ere classed into 2 
groups corresponding to largo and small maxima. Fig. 8 shows the Chreo diagi'ams 
for the amplitude of the first harmonic. It will be seen that no consistent rela- 
tionship is indicated for either group. 

(3) Type IV solar radio ouUmrsla 

These are inajor radio (jutbursts in the solar corona and are supposed to bo 
giving out synchrotron radiation by relativistic electrons. They are usually fol- 
lowed by polaT* cap blackouts i.e. heavy attenuation of radio waves passing through 
polar regions. During I.G.Y., there wore 22 such events. Fig. 9 shows the Chree 
diagrams for the fii'st harmonics for such events as epoch days. There is a very 
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6 O •►6 -6 0 +6 


DAYS 

Fjg. Cliioe diagram for n for largo (CU'oup 1) aud mnall (Group 2) maxima of 200 mo/e 
solar radio omission as epoch datos. 



days . J^AYS 

Pig. 9. OhjJee diagram for n for dates of Pig. 10. Chreo diagram for ri for dates of 

Type IV solar radio outbursts as eponlis. Loinbaoh ovonta as epochs. 

6 
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slight indication of higher amplitudes after epochs. However, the differences are 
within actual standard errors. Hence, there is no consistent relationship indi- 
cated between such events and cosmic ray daily variation. 

(4) Leinhach events 

On several occasions, cosmic radio noise sliows abnormal attenuations, spe- 
cially in the polar region. Reid and Leinbach (1959) have reported several such 
events during the I.Gr.Y, 

Fig. 10 shows the Chree diagrams for the amplitude of the first harmonic for 
such events as epoch days. It will bo soon that there is no definite relation dis- 
cernible between the two, except that amplitudes aie high near epoch day for 
Climax and Lincoln but not for other stations. 

(5) Solar flares j 

The I.G.Y. period was conspicuous by the ocourronce of several intense stfiar 

Hares. The days on which flares of intensity 2^', 3 and 3+ occurred were selected 
and divided into 12 gi’oups according to their occurrence in the bi-hourly intervals 

0—2, 2—4, hrs U.T. For each of these groups, the average -bihourly values 

for the day of occurrence of the solar flare and one day prior and latei* were eva- 
luated. These are plotted in Fig. 11 for Climax for 2+ and 3 and 3+ flares sepa- 
rately as doited lines Successive curves are for days on which flares occurred in 
the successive bihourly. intervals starting from 0—2 hours U.T., which are indi- 
cated by vertical arrows. Now, apart from the effects due to solar flares, there 
might be an average diurnal variation included in all the dotted curves. This 
can be estimated by finding the average of all the 12 curves. It is shown as the 
13th curve at the bottom. Since the flare.s occur at different hours in different 
curves, the average is expected to be devoid of any solar flare effect. The average 
curve was subtracted out from the original curves. Tlie resulting curves are shown 
as full curves superimposed upon the original dotted curves in Fig. 11. 

If there is an effect due to solar flares, it should be visible in the full curves 
as onlianced intensities near the arrows. It will be seen that at no particular 
hour is the effect clearly visible for both 2^' and 3 and 3^ flares. In the 12th 
curve corresponding to solar flares occurring at 22-24 hours U.T. there is actually 
a decrease in the cosmic ray intensity near the arrow. It may be concluded, 
therefore, that an enhancement of co.smic ray intensity -soon after an intense 
solar flare does not- occur invariably. It must be remembered that such effects 
can be observed only if the station hajipens to bo in the proper impact zones. 
For Climax, favourable hours are about 9 A.M, 4 A.M, and 8 P.M. which 
correspond to 16 hours, 11 hours and 3 hours U.T. i.e. the 2nd, 6th and 9th or 
10th ceurves in Fig. II. As can be seen, no particularly remarkable increase is 
seen near the arrows even in these curves. 



Climax intensity 
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2 * ^ flare ^ 3i3'^ 



HOURS (U.T) 

I'^jg. 11, Plot of average bi-hourly intensity of Climax nontrona for days of occurrenoo of 2’ 
and 3 & 3^ solar flares and for one day earhor and later. 

V. CORRELATED CHANGES BETWEEN DAILY 
VARIATION AND DAILY MEAN INTENSITY 

During the I.G.Y. several cosmic ray storms occurred. Daily mean intensity 
suffered large, rapid decreases (known as Forbush decreases), as also moderate 
and small fluctuations on several occasions. The mean intensity decreases were 
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classed into three groups as large, moderate and small, Fig. 12 shows the Chree 
diagrams with the minima of cosmic ray intensity as epoOhs. The results are : 

(i) For voiy large minima as epochs (Group 1, 8 events) there is no consis- 
tent relationship between daily variation and daily mean intensity. 

(ii) For modei'ate minima (Group 2, 13 events) the amplitude of the fii’st 
harmonic attains large values a few days before the minima. 

(iii) For small minima (Group 3, 18 events) no consistent relationship is 
evident, 


UK, I 2 J 



DAYS 

Fig. 12. Chi'oe diagram for I'l for largo (Group J), niodorate (Group 2) and small (Group 3) 
minima of daily mean intensity of cosmic ray neutrons at Climax as epochs. 

Here again, further scrutiny shows that the large amplitudes before epochs 
arc not always so for all events. Amplitudes on individual days have a large 
influence on the average characteristics. ^ 

VI POSSIBILITY OF CHANCE COINCIDENCES 

We saw in the previous sections that some geomagnetic and solar criteria 
indicate some systematic relationships with daily variation while some others do 
not. Amongst the former, in some oases the effects are “distortion effects”; in some 
the actual standard errors make the effects insignificant; in some the results are 
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Hignificant inspite of these two but are not hoTnogoneously exhibited by all events 
in a group. Tt is clear, therefore, that none of the solar bv geomagnelic criteria 
discussed here has a unique relationship with the amplitudos andyor phases of 
the daily variation. Now, the daily variation has significantly large amplitudes 
on many days ; many more than we have considered so far in any single group. There- 
fore, the possibility of picking up a few such days in any particular group by pure 
chance is by no means negligible. To test the effect of pure, reandom selection 
of epoch dates, three computers of our laboratory were asked to write down in 
a short time any 20 dates that they could think of. Fig. 13 shows the Chree dia- 
grams for the first harmonic amplitudes for 3 groups of .such randomly chosen 
dates as epochs. It will be seen that in each case the amplitudes show large 
fluctuations from day to day! Thus, it .seems that results obtained in the previous 
sections for geomagnetic and solar criteria could also possibly bo obtained by 
random chance. 


GR.I 2 3 



-6 0+6 -6 0 +6 -6 0 ^6 


DAYS 

Fig. 13. Ghteo diagram for for 9 groups each of randomly chosen 2o days as epochs. 

It would be interesting to consider at this stage what w'ould be the estimated 
standard errors if the data for all days in the I.G.Y. are considered as one sample. 
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For Climax, the set of 528 daily values of and yields standard errors (Ta^ = 
0.45% and crh^ == 0.46% which, according tocq.(4), yieldtr^j — 0.46% for asingleday. 
Hence, for a group of, say, 16 daj^s, the standard error of would be about 0.11%. 
For comparing the average amplitudes of two such groups, the standard en’or 
of the difference in amplitude won Id be about 0.16%, which fixes a 2(r level of about 
0.3%. Thus, groups of about 1 6 days will have to show amplitude differences 
exceeding 0.3% to be significant on a 2cr level and about 0.45% for a 3<r level. It 
will thus be seen that most of the cases we discussed in the previous sections are 
marginally significant on a 2<7 level. 

VTI N A T TT It E OF THE D A I L Y VARIATION 

A.S seen m the previous sections, no solar and geomagnetic relationships stand 
out clearly. Also in many cases, results for all stations are not alike. This 
raises a basic question whether daily variation is really a world-wide phenomenon. 
Tn an oarlicr communication (Kane, 1961), po.ssibilities of a transient nature of 
claily variation wore discussed in detail. A possible ajiproacli would be, therefore, 
to tackle the problem from the other end and sec on which days the amplitudes 
were really high and ask the question, why. Tn the past such an apjiroach has 
not been possible betjause the P(nsson standard errors on individual days were, 
too high to warrant any conclusions except for averages over a. group of days. 
During the I.G.Y., several stations have high counting rates witli hi -hourly 
standard errors <0.6% and hence standard errors of harmonic coefficients <0.2% . 
Thus, amplitudes of the order of 0.5% are already significant on a 2cr level^ 

In the present case, Climax, Lincoln, Gottingen and Yakut.sk — all satisfy 
this condition adequately. Hence, the first and second harmonic amplitudes 
for every day were classed as low, medium and high if they were less than 0.6%, 
between 0.6 and 1.0% and above 1.0 % respectively. Further, folUnving ques- 
tions were asked for every day : 

(1) Are the amplitudes high and/or medium for all stations? If so, do they 
remain so even after correcting for “distortion effects” ? 

(2) If the amplitudes are not similar for all stations, are they similar for any 
threc/ariy two stations''^ Do they remain so after removing “distortion 
effects” ? 

(3) Arc they high just for one station? Do they decrease after removing 
‘ ‘ distortion effects” ? 

It is obvious that such a scrutiny could he done only for those days on which 
data for all stations were simultaneously available. This reduced the number 
of available days to some extent. Nevertheless, the picture that emerges out 
is quite revealing. Table VIII gives the number of days on which amplitudes were 
high or medium at any one, any two, any three or all stations and also the number 
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of days on ^ioh this was due to “distortion effects”. The total number of days 
considered in I. G. Y. was 512. 


TABLE VIII 


Bet 

Stations 

lat harmonic 

2nd horiuonio 


Days Days having Days Days having 
geiinine disboi’tion genuiiio distoriion 


C 

L 

1 

G 

Y 

10 

18 

17 

44 

16 

10 

28 

40 

2 

49 

29 

66 

14 

29 

23 

37 

C,L 

41 

20 

24 

14 

C,Ci 

5 

3 

4 

7 

0, Y 

12 

7 

2 

6 

2 

L, G 

7 

6 

18 

12 

L, Y 

19 

7 

30 

20 

G, Y 

23 

8 

17 

15 

C, L, (.; 

37 

6 

13 

1 

C, U Y 

35 

5 

7 

5 

3 

V, G, Y 

9 

0 

4 

1 

L, G, Y 

12 

3 

13 

5 

Very high (>1.5%) 

6 

0 

0 

0 

World-Wide High (1.0-1. 5%) 

26 

0 

3 

0 

4 Med. (0.0-1 .0%) 

87 

2 

15 

2 

J.ow (0. 4-0.0%) 

23 

0 

9 

0 

Very low(<U.4%) 

33 

0 

0 

0 


The first sot (first lour rows) of Table VIll gives tho number of days on which 
only one station showed high amplitudes. Such days could occur due to : 

(a) An anisotropy of a very transient nature and so short-livetl that its 
intensity reduces before another station can see it 8 hours later. 

(b) A superfluous effect which creeps in because of isotropic changes of world- 
wide intensity (distortion effects). 

(c) Instrumental troubles like picking up false pulses or losing pulses due 
to power failure etc. 

Possibility (a) is not ruled out. But it is difficult to see how anything can 
be seen by Climax and inissed completely by Lincoln or, vice versa. From the 
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i-olumns headed “Days having distnrtions”, it is obvious that on almost half the 
number of days, amplitudes are large due to “distortion cffeote”. Out of the other 
half, nonsimultiinoiuty at Climax and Lincoln (which S/te near oa-eh other) indi- 
cates that those high amplitudes may be duo to instrumental troubles. This 
could also bo true for Gottingen and Yakutsk. 

The second set in Table VIII represents the days when pairs of stations show 
high amplitudes, indicating in general a transient anisotropy of life-time more 
than 8 hours. Hero, C, L is not on iiar with other pairs as Climax and Lincoln 
are in the same region. C, L indicates a state of affairs similar to that in set 1 
for individual stations, except that this time, it is more likely to bo a genuine 
transient anisotropy lather tlian instrumental tmuble. In this set also, on some 
days, the amplitudes are large due to “distortion effects”. But on many more 
days, the anisotropy is genuinely transient. Since the sequence in which an ani- 
sotropy i.s soon is, Yakutsk first, Gottingen second and Climax or Lincoln third 
on the same date, the seqiionces G, L; (G or L), Q; G, Y are understandable. 
But it is difficult tc» see how (G or L, F) could occur without Gottingen also seeing 
the anisotropy. This throws some doubt about the conclusion that the days 
in set 2 represent a perfectly genuine transient anisotropy. 

TJic tliird set represents days when three stations see the anisotropy. Here 
again G, L, G or L, Y deserves to be included in set 2. Also, keeping in mind 
the sequence in which anisotropy is seen, G, L, Y seems to be an impossibility as 
Gottingen, which is in-between, should liavo seen the anisotropy. Nevertheless, 
days in Set IL except for those which are due to “distortion effects”, could bo 
lilasscd as almost world-wide. 

Set 4 re])Tcsents clays on which anisotropy was seen by all the stations. This 
has been subdivided into 5 groups depending upon whether the amiilitudes were 
very high (> 1.50%), high (l.Ol to 1.50%), medium (0.61 to J.00%), low (0.41 
to 0.60%) and very low (<0.4l%). This set is the most interesting one as it con- 
sists of days which Avill influence the average pattern of any group in which they 
Mull bo included. 

For the fiist harmonic, there wore 6 days on M'hitsh ampliludes exceeded about 
1.5%. Pur the second harmonic, there were none On 26 and 3 days, ampli- 
tudes were roughly 1.0-1. 5% for 1st and 2nd harmonics respectively. A very 
large number of days (87 for Jst harmonic and 15 for second) had amplitudes 
between 0.61 and 1.00 %. It will thus be seen that on about 120 days out of a 
total of about 500 days, the amplitudes of the first harmonic exceeded 0.6%. 
The probability of encountering such a day by sheer chance is thus almost 25%, 
If, therefore, a random group of about 20 epoch days is chosen, about 5 days 
'will have anqilitudes exceeding 0.6%, In individual eases this number may 
vary from group to group and would lead to group averages which may 
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easily show differences in amplitudes of the order of a few tenths of a percent, 
which may not bo physically meaningful. 

Table IX below gives the dates of the very high, Jiigli and modevato ampli- 
tudes of the first and second harmonic. 


TABLE IX 




Isi harmonic 


2nd harmonic 


Very high 

Aug. 5 

, lflr>7, Juii, 8, 

1968 




Sop. 2, 

J9fi7, Aug. 24, 

1958 

Nil 



Doo 2] 

J, lt).''i7. Doc. 8 

1958 

(0 days) 




(6 days) 



High 

Aug. 

4, 

13, 14, 18, 21, 

1967 




Sep. 


7, 20, 21, 

1967 Sop. 

21, 1957 



Nov. 

26, 

30, 

1967 Oct. 

23. 1957 



Doc. 

31. 


1967 Doc. 

23. 1957 



Mar 

17, 

211, 

1968 




Api-. 

28, 


I96H 




May 

10, 


1958 




•Tun. 

7, 

20, 21, 

1 968 




.hil. 

2G, 


1958 




Aug. 

2, 

17, 

1968 




Soil. 

2, 

27, 

1968 




Boo. 

11, 

18, 

1968 






(2G doyn) 


(irUiiya) 


Moderate 

Jul. 

23, 

27, 28, 29, 

19.67 




Aug. 

J, 

2, 11. 19, 20, 

Aug 

5, 6, 10, 21 

19.67 


23, 


1967 




Sop. 

3, 

4, 5, 11, 12. 





13 

1.6 16, 18 

1967 Sop 

30, 

1957 


Oct. 

8, 

9, 11, 19, 20, 

Oct. 

11, 23, 31 

19.67 



23, 


1967 




Nov. 

1 1. 

19, 24, 28, 

1967 Nov. 

29, 

1 9.67 


Doc 

3, 

4, 6, M, 18, 

Doc. 

22, 

19.67 



19, 


1967 




Jlili. 

4 , 

9, 10, 28, 

1968 




Kob. 

3. 

11, 22, 

1 968 




Mui . 

rj 

13, 18, 27, 29 

19.68 Mar. 

6, 

1 9r68 


Apr. 

I'u! 

12, 

1958 




May 

7. 

25. 30, :n 

1968 




Jun. 

4. 

, 10, IU27, 29, 

1958 Jun 

7, 8. 

1956 


.lul. 

G, 

, 7, 8, 10, 13, 






16, 17. 

1958 Aug. 

24, 26, 

1958 


Aug. 

4, 

. 6. 7,16,27 





30, 

1968 




Sop. 

3 

, 15, 21, 28, 30, 

1958 




Oct. 

23 

, 28 

1968 Oci. 

23, 24, 

1958 


Nov, 

1 

, 11, 21, 22, 28, 

1968 




Dec. 

4 

, 6, 7, 12, 

1958 






(87 days) 


(17 days) 


Low 



(23 daya) 


(0 days) 


Very low 



(33 daya) 


(U8 days) 



It will be seen from Table IX that days of large anipbtudes of second harmonic 
are fewer than those of first haimonic at high latitudes. Many of these are common 
(underlined dates). Since there is no particular reason to believe that the firsi. 
and second harmonics do necessarily have independent physical interpretations, 

7 
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, , , M'eid (prowled the phones are proper) as imUoatmg that 
this could l»e I I jg, jg broad-peaked, though on some dan, 

.ff ( Spo. .oeood aod k^ker k„..,ao„M. 

IvZi dares ......eepoo-iio, ro d. Tabie IkT, one .,an ro-e.— ... 

,u„l geomotnwiw rclaUonships of <kuly varavtion. 

(,) ReMumMp .nth O, mines: Table X beIo»' givea the averaffc amplitudes 
aud lane of ioaxiiua for the first and eeeond kanuonie for the three stations I, 

G' and Y ooinlnned, as also the coiTes(X)niUng average Oj, values lor the five groups 
of Tabic IX. 


TABLE X 


((roup ani]i 
( I.st hai in ) 

No, of 
days 


h’or (L, ti. 

. V) 


Avflrago 

Cp 

ri 


r* 


I’n/y high 

6 

0 96 

W ! 16 

0,24 

' 36 

0. 97 -J; 0,26 

HjgJi 

20 

0.75 

TT i 42 

0.08 

104 

1 00 -j- 0.10 

Modern to 

87 

0.43 

TT 1 36 

0 16 

7 

0 79^0 00 

Low 

2:1 

0 3.7 

TT-f 40 

0. 1 i 

77- 49 

0.91 -['0 J1 

Very lov 

Wd 

0 06 

-TT 1 9 

0 08 

TT 4 07 

0.72_L0.07 


The Hiandai’d oitoth for Oj, are (’.alculated from the ael-iial spread of (Ij, values 
in each group. Considering the fact tJial the general v.uige of 0^, is from 0 to about 
2.0, it IS obvious that there is no definite relationship between Cj, an'd (K).sinic 
ray daily variation. To study if there jk any tune lag lictween the two, tlie .'12 
days of very high and liigh aiuplitudc.s of 1st harnionic were considered as epochs 
and CJiree analysis was done for 0^, values The Chree diagram is shown in Eig. 
14 as curve A. As can be .seen, values show a very small range (0.05 to 1.00) 
from --10 to 1 10 days m contrast to tlioir usual range from 0,00 to 2.00. How- 
ever, there exists a small maximum at the ojioch day. A scrutiny of the individual 
days shows that the contrast. Iietvvcon this maximum at n = 0 and the Ioav value 
at n — —3 is caused by the coincidence at n — 0 of the following types of Cj, 
maxima. 


Type DaLo Typo Dato 
13-8 -.')7 26 ocy 

2- {l-r)7 +Cp+ 3l-l2-.'i7 -icy 17- 8-.'j8 H-Cy 
21-9-37 »Cy 7-6-68 24- 8-68 +(y 

Thus, out of !J2 days of high amplitudes, 3 coincide with max. of the (0, 0) 
iy])e, 1 of (0, ') type, 3 of ( f , 0) type and 2 of (-|-, +) type. It is clear, there- 
fore, that the typos of Cp maxima as ’daBsiiled above do not have any special 
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gignifioance to cosmic my daily variation. Also, out of 59 0^ nuixima during 
l.G.y., only 9 seem to coincide with days of high daily variation as shown above. 
These days do not seem to have any particular geomagnetic or solar signiticance 
in common. 



l*’ig. 14. Cliroo diagrams for (.\) Cj) vttluo.s, (B) Uorizont.nl romponont of onith’s luagnotio 
fiold, (C) iSolflv radio omission flux at 200nic/s, (D) fc!olar flaro index of Sac. Poak. 
(K) .'i30n Uroon coronal emission for visible solar diso and (F) Daily moan intonaity 
of cofiiim- lay neutrons at Climax w.r.l. very high and Ingli amplitude of daily 
variation as epoch days 

(2) Relation with horizonUil component of geomagnetic field : Curve B in 
Fig. 14: is the Chroe diagram for the liorizonial component of earth's magnetic 
field witJi high and very high amplitudes of 1st harmonic as epochs. A lack of 
any definite relationship is evident. Tlie dip at +1 day is only about 25 gamma 
in contrast to several hundred gamma usually encountered in individual events. 

(3) Relation with S.C. and yradnal storrm: Since there is no daily index 
for such storms, Cliree analysis is not pos.sible. However, one can examine the 
frequency distribution of time delay of occurrence of storms with respect to days 
of high and very high amplitudes. Curve A in Fig. 15 is a frequency diagi'am 
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ft)j, iS.O. stf)r]ne of Iho severe and moderately seveie type and Gradual, severe type. 
There is a slight indication of excess occurrence at or about' 0 day. However, 
fi y- test indicates a probability of 0.30. If the number of days around epoch is 
I'cdiHied, one gets a minimum value of^ = 0.18 for ^4 days around epoch. Thus, 
the result is nowhere significant at a 6% level. A possibility of some storms being 
connected with high daily variation is not ruled out. However, no special charao- 
t-eristic! of sucli effective storms is evident as they seem to belong to all the 5 
categories viz. R.C.* S; S.C.S; S.C.* MS; S.O.MS and G. S. (Black portions in Fig. 
15 A refer to severe storms). , 



DAYS 


15. Fi'dquoiicy distribulion of occurroiifo of (.A) S 8.0. and nuignotac slorins, 
aovmo (bluiik) and niodoraioly scvoic, (B) tJM.l*. of very iiiUuiHi* (hliu-lt) and pro- 
mmneod Hunspot groups, (0) "I’ypo IV solar ladio oulbursts and (D) Louibufh 
ovonis with roferonco to very lugh and high aiiiplitndoa of daily vniiation as opodi 
dnya. 


(4) Relation with C.M.P. of active sunspot : Here again there is no 

daily index but only certain epoch dates. A frequency diagram for occurrence 
of these with fixed time delays is given as curve B in Fig. 15. iThe spread is wide 
and a tost does not indicate any significant relation at a 6% level. 

(5) Relation with solar radio emission : For this, a daily index is available. 
Curve 0 in Fig. 14 is a Chree diagram for the solar radio emission flux at 200 mc/s 
for dates of Very High and High amplitudes of first harmonic as epoch dates, 
1^0 relation is discernable, 
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(6) ReMion with type IV mlar radio outhnrstA : In tlie absence of a daily 

index, frequency diagram ot time delays in calculated This is shown jis curve 
a in Fig. 15. Grouping a successive days, gives ^ .40. Hence no TOla- 

tionship at 5% level is indicated. 

(7) Relation mth Leinhach events : Curve D in Fig. 15 gives the time-delay 
frequency distribution for such events, test gives p 0.85, No relation is, 
therefore, indicated. 

(8) Relation mth solar flares : For this, one could use the daily solar 
flare index estimated at Sacremento Peak. Fig. 14, curve D, gives the Chree 
diagram for this index. Considering tlie standard deviations of the aijtual scatter, 
no relationship is indicated. 

(9) Relation with green coronal emission : For the Green 5303 line emis- 
sion from the visible solar disc, a daily index is available. Fig. 14, curve R, is the 
Chreo diagram for the same. No relation is indicated. 

(10) Relation with daily nwan intensity of cosmic rays : For this, the daily 
moan intensity of Climax neutrons was utilised. Fig. 14, curve F, is the (Jhrec 
diagram for the same. It will be seen that the range of mean intensity values 
hardly exceeds 2% and no relation mth daily variation is indicated. 

It may be concluded, tlierefore, that whereas the daily variation on many 
days is world-wide in nature i.e. amplitudes are consistently large or small at 
stations situated wide aport in longitude, the days of high amplitudes do not have 
any clear-cut relationship with several geomagnetic and solar criteria. In some 
cases, e.g. geomagnetic storms, some storms days coincide with days of high 
amplitudes. Now, the total number of fS.C. and S.C.* type severe and moderately 
severe and Gradual severe storms during l.G.Y. was 81. The number of days 
on which these v ould coincide accidently with days of high ainplitude which 
are 32 in a total of 512, would be about (32x8l)/512 —-^5 In Fig 15, the top 
curve (A) shows a fretpiency of 11 on the epoch day. Thus there is an indication 
that some storms may occur genuinely simultcaneously with high amplitudes. If 
one considers the epoch day and one more day on eitlioi' side, the expected frequency 
would bo 16. In Fig. 15, the total frequency foi* —1, 0 and +l day for curve 
A is 29, w'hioh is somewhat higher than the expected frequency 16, but much lower 
than the total number of storms viz. 81. Table XI gives the 32 epoch dates cor- 
i-osjjonding to very high and high amplitudes of cosmic ray daily variation and 
indicates the occurrence of several geomagnetic and solar phenomena either on 
the epoch day or on ± 1 day of the epoch. The last two rows give the observed 
Irequencies of the various phenomena and the frequencies expected by random 
chance. As can be seenj only i*elationship with storm days stands out with some 
significance; but storms of all types seem to bo involved and the relationship 
is by no moans one-tp-one, . . ./ 
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It would bo iniorestJng to study the pr(ii)eTtjes of the daily variation apart 
from its solar and geomagnetic relationship. One characteristic frequently reported 
is the 27-day rocuiTonce tendency of the amplitude of the first harmonic. Fig. 16 



Fig. 10. Bartels diagram for days of very high and high amphtudos (black squares) and 
inodorate amjjhtudos (black circles). 
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Fig. l7. Chres diagram of f\ for days of very high and high amphtudes os epochs. 
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TABLE XI 




H 

Solar 


Typo IV 





Cp 

C M.l*. radio 


solar 


Loin- 


Cosmic 

Lpooli 

Max. 

Miiiinia 

btoi'ins ts unspot emiss. 

radio 


bach 


ray 

dates 

typo 

type 

typo i'.vpo max. 


out,. 


ovontH 

nun. tyi)i. 



type 


bui-fet 




4- 8-57 

0, H- 


S.C.*,]Vl!8 b 






I 

5- 8-57 

0. + 


y.a.*,]vis b 






r 

13- 8-57 

0, 0 


S.O., MS 







14- 8-67 



S.C., MS 







18 - 8-57 
21- 8-57 



a., s b 







2- 9-57 



S.C.*, MS 


s/ 


•J 



6- 9-57 


i 

S.C.^, MS 







7- 9-67 



s.o.*, s 







20- 9-57 



S.a^ S a 

1 






21- 9-57 



s.c.*, s 

S.O., s 

1 



s/ 



20-1 1-67 

0. 0 


S.C., S b 

0 , s 

1 





' 

30-11 -57 



S.o.+.MS b 

11 






23-12 57 

31 12-57 



S.C.. MS 

s.c . s 

1 






17- 3-5 S 



S 0 *,MS 







20- 3-58 

U, 0 


S.<1 *, MS 




J 


1 

28- 4-58 

10- 5-58 

I-, -i- 


S.f!.*,MS 






11 

7- 6-58 

0, 1 


s.o„ s 

S.O., MS 



s/ 




8- 0-58 

0, -1 


S.O., s 
n.a*. MS 






11 

20 6-58 

1 , 1 

n 

S.O., MS 






11 

21- 6-58 

i , 1 

11 

S.0..MS 






26- 7-58 

!-j 


0„ S a 







2- 8-5 H 



b 







17- 8-58 

1 . 9 

11 

S.C.*, MS 



J 


J 


24- 8-58 

27 - 9-58 

^ , 0 

n 

S.C,*, MS 

I 





11 

8-1 2-58 



b 







J 1-12-58 



a 



>/ 




18-12-58 


11 

s.c.*„ s 







Observed 

fiequoncy 

13 

6 

29 10 

6 


4 


4 

8 

Expected 

frequency 

12 

5 

10 10 

4 


4 


3 

4 
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is a Bartels diagi'am for the I.G.Y. period. There seeuis to be some tendency 
for days of high amplitudes to occur in groups and also to recur after 27 days. 
It would be necessary, however, to check whether the recurrence is not due to 
“distortion effects”. Fig. 17 shows Chrec diagrams for the amplitudes of the first 
harmonic with the 32 days of very high and high amplitudes as eiioch days. 
Tt seems that the ainj)litudes recur after about 29 days even after correcting for 
‘‘(hstortion effects’'. 

A similar analysis was carried out tor liuancayo, Makerere and Lae. Due 
to lack of continuity, there Avere few coiiiinoii days. Amongst these, one could 
choose days on vrhich amplitudes were high at all the three stations. It was found 
that most of these coincided with days of high amplitudes at Climax etc. The 
reverse was not, however, invariably true Thus, on days of very high and liigh 
amplitudes at Climax etc., Huancayo generally showerl high amplitudes, hnt 
Makerere ami Lae did not alivays do so. This is reflected m the Chrec diagram 
of hjg. 17, where Huancayo shoAv.s a clear niaxinunn on epoch (0 day), but Makerere 
and specially Lae doe^s not In conjunction with discrejiancics observed oailicr, 
tliis could be taken as additional evidence of nnpro|)er Avorking on some days of 
the instruments at Makerere and Lae. 

Another characteristic of daily variation is the fiequency distiibution of the 
amplitudes urul liours of maxima In Table XI avo have already chosen da^ys 
according to the magnitude of theii- ainphtudes. Fig. IS shoAVS the frequenc.y 
distrilmtion of the hours of maxima for the various groups. (Croup l-~Vevy 
high and Ingh amplitude, Group 2 — Moderate. Cioup 3 — Loav and very Ioac^). 
U Acill he seen that (he lumrs of maxima have a broad distribution in all the groups, 
though the maximum frequency oiauirs in the afternoon. Thus, Avheroas on 
majority of da\s the hour of inaximuni is in the afternoon, there arc days aaIicii 
it is at othci houi*H also. Table XI 1 gives the dates of the 32 days of Very high and 
High amjilitncles on which the hour ol maximum Avas at Aoirious hours at various 
stations. 

It ill be seen from Table XIT that on some dates, all stations show a night 
time hour oi‘ maximum. 

There arc, hoAvevor, a few disconcerting features li'irstly, the frequency 
distributions of the hours of maxima are not fully similar loi* all stations, l^us, 
Yakutsk shouts a largi*r sjiread towards evening hours. Also, a scrutiny ol indivi- 
dual values of amplitudes of the lirsl harmoiiie for the 32 days given in 
Table XTl shows that whereas amplitudes are high for all these daVvS, they are 
not the same at all stations. Thus, for the G ilays of Amry high amplitudes, Arabics 
of are as given in Table XIll. 

TJie differences hetu ecn values for different stations for the same day some- 
tiiues exceed the Poisson 2(r limit. This is perhaps indicative of the fact that the 
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DATE 

. 5 - 8-67 

. 3 - 9-57 

23 - 12-67 

8 - 6-68 

24 - 8-68 

8 - 12-68 

PoisHon 

Htd ori’or 

0 

1.93 

J .96 

2.18 

1 88 

3.64 

1.20 

' - 10.06 


1.53 

2 40 

2 11 

1.13 

2.90 

1.67 

+ 0 21 

a 

1 97 

0.83 

2.08 

J .46 

1 .79 

1.03 

10 17 

y 

J 66 

1 39 

0 . 7 D 

2.20 

1 04 

1 .90 

10.23 

c~w 

] 63 

1.87 

1.89 

1.48 

1 .63 

1 02 

±0 18 

L-W' 

1.63 

2 04 

1.96 

1.14 

i 03 

1.60 

10.29 

G-W' 

1.89 

1.06 

1.66 

1.66 

1.16 

1.28 

± 0.26 

Y ~ W ' 

1.20 

0.72 

1.17 

1 .96 

0.77 

1.04 

± 0.31 


anisotropy is essentially of a transient nature and fluctuates considerably within 
24 hours both in strength and in mean energy as reflected in changes of phase. 

This raises a question .‘ibout the meaningfulness of the average amplitudes 
for groups of days. Table XIV gives the average amiflitudes and hours of maxima 
of the first harmonic for the five gi'oups of days corresponding to very high, 
high, moderate, low and very low amplitudes. 

It will be seen from Table XIV that for the same group of days, amplitudes 
at different places differ outside Poisson 2(T limits. The differences are sometimes 
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flue to “diyl/ortiorj effects” as they disappear after correction for those (see (J~W 
etc,). But tills is not invariably so. It is very ditiioult to say whether these 
differences are due to non-averaging out of effects duo to transient nature of the 
daily variatjon oi’ whether they arc due to any inatniinental troubles. 

We Jiave eoncontr-ated so far only on the last (world-wide) set of days from 
Table Vlll which represents only alrout l/8rd of the total number of days. 
There are still about 1100 days in the other sots which represent days of daily 
variation of transient, short-lived tyjie. On this liasis, one could projiaro a com- 
jilete doscrijition of the daily variation for almost every day during T G.Y^. Such 
a venture would, however, be unreliable because of the following reasons: 

(1) On nuiny days, the amplitutles are high at individual or jiairs of stations 
duo to "fiistortioii effects”. These cannot be justifiably used foi di's- 
criptioTi of daily variation 

(2) On (hiys on wliich amplitudes are high even alter eorrecimg ffiij’ 
distortion effects, one is not siu*e that jnslrumental ti'oubles are nol[/ 
causing these. 

A possible method oi mmimising instrumental troubles is to (‘ombme data, 
from stations at roughly smular latitude, longitude and all/itudo. From the T.O.Y. 
gi'id, one <‘a.n get many stations in the European and North American longiUides 
lint not so m other regions. Thus, there is no station for which data are comjiarable 
to those at Yakutsk. Nevertheless, one can adopt tins pioceduic whei'over 
jiossiblc. Work m this direction is m progress. , 

A Imv genera] observations can be made. From Table JX, it seems lliat the 
(lays of high amplitude are proportionately more in the early jiait of 1.(1. Y. Jii 
Fig. 1 9 are phjtted the monthly average amplitudes of the lir.st haiiiionic for ilu^ 
IS months of I G Y. Similar plots for some solar and geomagnetic phenomena 
arc also given. There does not seem to be any consistent relations]ii[) bctwceai 
th(^ various geomagnetic and solar phenomena, and cosmic ray daily variation 
oven (.m a monthly basis. 

Fig. 20 gives the frequency distribution of whole l.G.Y. 

period for each station. It will be noticed that the range of the first Jiarmonic- 
is from 0 to >1.5% for all stations. For the second harmonic, the range is lesser 
(about 0 to I %) at all stations. For the hour of maximum the hrsi harmonic, 
there is a preiionclerance at noon or afternoon hours. But for ilie hour of maxi- 
mum of the secoTifl harmonic, the spread is almost all round tlio clock, more so for 
high latitudes. Thus, on individual days, the second hannomc is not negligible. 
At high latitudes, the jihase scatter is so large that average amplitudes of r* foi- 
groups of days turn out to be negligible. For low latitudes, phase scatter is com- 
paratively small and hence average amplitudes are still substantial. It must be 
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noted, however, that there is lot of dissimilarity between the low latitude stations 
of Huancayo, Lae and Makerere. In many aspects Huancayo compares better 
with high latitude stations than Avith Lac and Makerere. This could be partly 
due to the lower energy response of Huancayo neutrons due to its high altitude. 
But indications are that the data for Lae and Makerere are subject to large instru- 
mental eiTors. Preponderance of values only at certain horns may also be 
indicative of some errors in barometric pres.sure correction. 


VIXI DISCUSS TON 

The results of the present investigation can be summarised as follows : 

(1) The relatioiLship.s of daily variation of cosmic ray nucleonic component 

recorded at Climax, Lincioln, Gottingen, Yakutsk, Huancayo, Makerere and Lae i 
with several geomagnetic and solar phenomena were studied by Chroo analysis. ' 
Pi’om Poisson error considerations .some criteria like maxima , inodei'ate \ 

minima of horizontal component of geomagnetio field, some types of magnetic \ 
storms etc. seem to be associated with large amplitudes (about 0 5%) of first har- ' 
monic before epoch and small amplitudes (about 0.2%) after epoch. The hour of 
maximum is in afternoon befiire epoch and in forenoon after epoch. 

(2) On considering “distortion effects” due to world-wide isotroinc changes 
of cosmic ray intensity as also after due consideration of the acHiaJ standard ori ovs, 
it was found that 

(i) Many of the amplitude and phase fluctuations are duo to “difttortion 
effects”. 

(li) The amplitude differences before and after epfichs are many times within 
the actual 2 (t limit. 

(iii) A scrutiny of individual days in the various groups sliows that the 
average amplitudes for the group are largely dominated by a very few 
number of days having abnormally high amplitudes (> 1.0%). Thus, 
while comparing two group.s of say, 15 days each, the possibility 
remonis that amplitude differences of about 0.3% could occair just 
because 3—4 days of ampbtudos > 1.0% occurred accidentally in one 
group out not in the other. 

(iv) To check this possibility, three random groups each of some arbitrarily 
chosen 20 days, were used as epochs. The resulting Chree diagrams 
show fluctuations in amplitudes of the same order {'^ 0.3%) as encoun- 
tered in all the previous Ohree diagrams. This confirms the suspicion 
that the various relationships indicated in (1) above could have oc- 
curred accidentally. 
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(3) The amplitudes of the first jiiid second harmonic on individual days 
Chmax, Lincoln, Gottingen and Yakutsk were compared. The following 
5 observed : 

(i) On some days, only a single station showed high amplitudes. Parts 
of these were due to ‘ distortion effects”. The rest could bo due to an 
“impact zone” typo effeot and/or due to instrumental troubles. 

(ii) On some days, more than one station (2 or 3) showed high amplitudes. 
I'hese probably ropresont days of a genuine, transient, short-lived 
anisotropy. 

(iii) On some days (about 175 in a total of 512 days in I.G.Y.), the amph- 
tudes were similar at all stations. This set was further divided into 
days of very high (>1.5%), high (1.0-1 .5%), moderate (0.6-1 .0%), 
low (0 4-0.6%) and very low (<0.4%) amxilitudes. There were 
6 days in the very high and 26 in the high amxiUtude category for the 
first hainiouic Similar days for the second harmonic Avore very few 
and vNT'rc mostly coincident with those for first harmonic. 

(iv) The 32 days of very high and high amplitudes of first harmonic at 
(3miax, Lincoln, Gottingen and Yakutsk, were chosen as epoclis and 
Chreo analysis done lor various geomagnetic and solar iihcnomena. 
No significant relation Avas indicated with (a) values ,(b) Various 
tj’^lies of maxima, (c) Horizontal component of geomagnetic field, 
(d) Various types of magnetic storms (S.C.*,, S.C., Gradual), (e) C.M.P. 
of ai'tive sunspot groups, (fj Solar radio emission at 200 Mc/s, (g) Type 
IV solar radio outbursts, (h) Lembach events, (i) Green coronal 
emission of the 5303 line from visible solar disc, (j) Solar Haros and 
(Is) Daily mean intensity of cosmic rays. 

There is a slight- indication that some storm days coincide Avit-h days 
of high anijilitudcs. No xiarlicular characteristics for such storms 
are clearly cUstingnishablo. It is likely that 27-day rccurronco ten- 
dency is a common factor. 

(v) Ohroe analysis AAdth the abov6 32 dates as ojiochs shows that there 
is a 29 dll day rccurremie tendency of high amplitudes of the first 
harmonics. 

(vi) The lioiiv of maximum of the fii-st harmonic for the above 32 days is 

mostly in the afternoon. HoAA'CAmr, some days shoAv night time maxima 
at a?/ stations. 

(vii) Even though the 32 days do represent worl(l-A\ddc high amplitudes, 
the amplitudes are not the same OAmn within 2<7 Poisson limits at all 
stations. After correcting for “distortion effects” this difference is 
reduced on some days but not on all, Also the x>fi*^so-scatter is not 
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exactly alike for all Htations. This indicates an essentially transient 
nature of daily variation, though a part of the discrepancies could be 
due to instrumental troubles also. 

(viii) Similar analysis and comparison was done for the equatorial stations 
of Huancayo, Makerere and Lac. Duo to lack of continuous data, 
the number of common days for this triplet was far less than tho days 
for the high latitude quartet. Days of high amplitude at all the three 
stations v ero very few but they did coincide with the days of very high, 
and moderate amplitudes at high latitudes. Amongst these, Huancayo 
seems to show daily variation characteristKjs similar to those at. high 
latitudes, but Lae and Makerere do not. Instrumental trouble and/or 
errors in barometric pressure correetion at Lac and Makeiere arc 
suspec-ted. 

(4) Since tho amplitudes on individual daj's vary m a wide range (0 to 3%). 
average amplitudes over groups of days are subject to large actual standard oi'j’ors, 
much larger than the Hoisson standard errors. Monthly or yearly averages do iu)t 
have, therefore, an unambiguous interpretation. Also, there is no particular 
reason to bobeve that the first and second harmonics are necessarily related to 
independent physical pi'oc.esses. They could be indicative of the sharpness or 
broadness of the main anisotropy coupled with its diffusion in tlie earth's atmos- 
phere. On the other hand, separate mechanisms for the first, and second harmonic 
cannot be. ruled out If so, data from equatorial stations seem to be very useful 
for it.s stufly. Unfort un a. tely, l.O.Y. data do not seem to be as fault-free as one 
would like thorn to be lor such a study. , 

In the past, several workers have reported geomagnetic relatioiishi])s of cos- 
mic ray daily variation. Thus, Hekido and Kodama (1952) and Sandstrom (19f)6) 
report increase of diurnal amplitudes and shifting of its houi of maximum to earlicj* 
hours for geomagnetical ly disturbed days. Kane (1955) has reported enhanced 
amplitudes associated wdth some maxima, though not all. »Sekido and Yoshida 
(1951) report reduction of second harmonic amplitudes on magnetically disturbed 
days. The present investigation does not suxiport these findings. 

Firor at al. (1954), Kemy and Sittkus (1955), Sittkus (1955), Kane (1955), 
Yoshida and Kondo (1954), Harabhai and Nerurkar (1955), Sarabhai and Bhavsar 
(1958) report occurrence of high amplitude days in groups ot days and a 27-day 
recurrence tendency for high amplitudes. This seems to be ti'iie. for the I.G.Y. 
period also. 

Tt is difficult to say whether the disagreement between results of some aspects 
of the pj*esent investigation with results reported earlier is due to a different 
period of observation or due to a ibfferent statistical approach adopted in the present 
invoatigation. 
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LOW ENERGY SCATTERING OF ELECTRON BY 
VARIATIONAL METHOD 

S. 0. MUKHERJEE anw N. 0. SIL 

Department oh’ THn:oitETj('AL "Physil's, 

Indian Ahwociatjon eor the Cuj/nvA'iTON oe fcjciENCK, 

Jadavpuh, Calcvtta-H2. 

{Jiccdird March 81, 1962) 

ABSTRACT, In iliio pujior tho ciotiH Hoetuni of nlftMtif scuUonni^ of obciron by 
holiuiii iiboin la ruloulalod witlj allos'i'auoe foi oxclniUffo i»ff(M-i. Wo hnvo iakon wiivo fum-tjons 
of tlxo form of Tiiyloi uml l^arr (1952) wjth two aota of pajoiuolns foi ilio giound aluto of holiuni 
atom. Tlio pluiaoa aro oalculiibod by tho vunutioiial luotlxod of Kxilthoii (19+4) from llio diftor- 
oixtial ocxuatiop. At voiy low oiiorgy tlio loault of om* l.booi‘<aii’ul ralrulatiun iigioca eloaoly 
wjbh tho ihooioticrtl finduiga of IVlioiatdwibHi-li (J9(il) who iiH(‘d bho wavo finiotion of Oruon, ot al, 
(19of) tor tho gi'ouud hliito of holium atom and aolvod tijo I’oaiilbing dihoi’oijtml (upuitiou nunio- 
rioally. Furthor our tlmoroiioal I'oaulta ar(' in good agrooiiiont >\'jth tho oxporjmoixlal roaulta 
of Paok, Pholps find Froat (I9(i0) 

1 N T It 0 D V i) T I 0 K 

lloccnlj^r a large niinibor uf experiineiits on collision of slow electrons by 
helium atom luiv(' been performed by using micro-A\Tive tecliniquo. The values 
of momentum ti-ansfer cross section which at very low tmergies is practically the 
same as the elastic scattering ci‘()s.s section, have been experimentally found by 
Anderson and Goldstein (1956) and Pack, Phelps and Frost (1960) and Phelps, 
Fundiiigsland and Browm (1951). 

Thesiiattering of electron at Ioav energy involves the effect of exchange because 
of the indistinguishability of the incident electron from the atomic electron. There 
is a possibility of the incident electron lieing captured and tlie atomic elec- 
tron being ejected, in the jirocess of slow' collision. Tlic first theoretical investi- 
gation of the elastic scattering ot electrons by helium atom in Avhich the exchange 
oflecis Avere taken into account Avas carried out by Morse and Allis (1938). For a 
range of electron energies up to 120 e.V., they chose for the ground state of helium 
atom a Hartroe AvaA^c function. The appropriate integro-differential equation 
was solved hy them by numerical method. Moi.st‘iwjtsch (1953) adopting a simple 
Wave function of HAdleraas calcuiatcd the same elastic cross section by using the 
variational method of Hulthen (1944). Very recently MoiseieAvitscli (1961) by 
taking the wave function of Green et al. (1954), calculated the scattering length of 
electron-helium collision by numerical method, 

283 



284 S. G. Mukherjee and N. O. Sil 

In this paper we propose to take the open-shell type of wave function as 


who re( 




is the normalization factor. Wo choose two sets of values for the parameters 
^ and The lirst choice is 

1) ^=1,19, ^' — 2.184 and the other choice is 

2) ^=.1, r = 

According to Taylor and Parr (1952) the first choi<;e gives better value for thje 

. i 

ground state energy, viz. =^—2.8766 and by the second choice the ground 

fjZ \ 

state energy becomes E^f = — 2.Hr>54 which also is bettor than the value found 

”0 \ 
by the wave function of Hylleraas. It should bo noted tluit the wave function of 
Hyllcraas is a special case of Taylor and Parr wave function witlx ^ 1.6875. 

The energy value found bv using the Hylleraas wave function is =—2.8477 ' , 
the experimental value being —2.904 . Kuzinaga (1960) by taking the open 

Oq 

.shell wave function with the two sets of parameters mentioned above ealoulatcd 
the elastic scattering of fast electron by helium atom ])y the Born ai)proximaiion 
method. 

In this paper wo have deduced the expression for the scattering cross section 
for slow electrons which takes into account the exchange effect, by applying 'a 
simple variational method of Hultlien (1944). 8inee we arc intere.sted at very 
low energies the phase values for 2 — 0 only have been considered, the effects of 
higher values of I have been neglected as their effects are very small. 


RESULTS AND DISCUSSIONS 
The wave equation for the system of helium atom and the incident electron 


[ J+ H ] v!- = 0 ... (1)' 

L "i ^2 'a ^13 ^33 ■* 


where r^, r^, are the distances of the three electrons from the nucleus of the lielium 
atom, ^33 distances between the oleeti'on and E is the total energy 

of the system and units are expressed in Bohr radius (m = 1, e — 1, % 
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Expanding ^ in lorina of the orthogonal set of helium atom' wave function^/'„ 
we have 


f = (r„ ra)J’„(r 3 ) ... ( 2 ) 

where have the asymptotic forms 


and Fn'^r~''^e^^"'‘gn{0) {n ^ 0) 

whore the total energy of the system, B — 

Kq being the wave number of the incident electron in atomic units. 
TJie ground state wave function we have used for helium atom, as 


W*'!. r^) = +«-(£'<•. +!r.)/fl„ j I (3) 

whore N is tlie normalization factor. 

Tho potential function as shown by Huzinaga (1960) is 




-2J, 

c «o 


i28(?fT / 1 + c+r \ 

^ {^ur \ r ^ 2a, I ^ ] 

After making allowance for exchange, the wave funcition becomes 


( 4 ) 


f = fair,, *• 2 ) f'oih) K^2-“2Ai)+fo(»'2. ’■ 3 ) -^oW (“2^3-“ajff2)“i 


+W'’a. n) ^oW(a3A-«i^3)“2 ••• (5) 

where a’ s, /?’s are the spin wave function and the spin function 
is antisymmetric iv. r. to electrons (1) and (2). Substituting (5) in (1) and 
mult- plying by (ai/? 2 - a 2 /?i)“ 3 V^»(^i» ^ 2 ) summing over tho spin coordi- 
nates and integrating w,r. to and we obtain 

V,{r,)] F,{r,) ^ J/ F,{r^)P,(r,, r„ r,) df, d?, ... (6) 

whore P„(ri, r,, r^) = r,) *•2)+^^^|,(rl, i-j) A2Y»(»'2. ''a) 

H-'AaK- *■ 3 ) VW»'2. »'a)+W’'i. fa)i'tAr^< ’‘a) 
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i.e, Po(n. I CVo)-(C>a 1 Kr,)] 

+ ^'e “1- ?r:j) - | ■ Cr.,)] 

1 rr.,).l_^-'e-(Cri \ K'r>)-{K'r-y\ C^8)-|-^e-(J:'r,-hi:r,)-(!:»-H-CVa) 

^.^V,-(CV,-|-^r2)-(CVH-iVa)] 

- ^ 1 rM)-|-C«~(Cn-|-0_-)”(CV24-i:ra) 

fa L 

+ I Cr2)-(^V^ 1 ^a)] + [^'ae-(J:ri 1-^:^:.) -(Cr-F ^fa)' 

+ ^a^-(:V,-l-Cr,)~(i;V-h!;r3)] +[r.-(0’j 1 KVa)+f’-(t:rj 'I ^;V2)-(!;V2^-l:ra) ’\, 

Cr2)-(J:ra I O-a) 

i- A _ ^ ^ 

J L >*2 ?"a ri2 fja '/'jj3 J 

CO 

Expanding ii’oO') — - (f'os ^) — (7) in Legendre Polynomial 

^ r- 0 

# 

where /i~sin (iv’— ^?7rH-9//) 

9/; being the phase shitfs. 

The total scattering cross section 
oc 

<2= 0^(2?+l)»in^)?, ... (8) 

Substituting the value of Ff^{r) from Eep (7) into Eq. (6) and multijdying both 
sides by Pj (cos 0^) sin 0.^ <10^ and integrating over the space we got finally 

00 sc 

idj ]/«(''3) = f H. H) d~nd-f, (0) 

where 

ft(n. '•a) = f 2?3[e-(fi I rr-d-U''". I iV3)+e-(Cn H'r,)-(S'>‘ 2 +!:',) ] 

JiV^ 1 V 
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4-e-(rfi r-rfsl-^-f'e - (rri +fr2)-(fr2-|-f'r3) 

^2 

l'r'''2)”(i'ra + r»‘3) 

+r«- (fn +r' a) ^(m + ^-j) -(.cv-.+k,)] 

4.^"e-<r»’H-J:ra)-«:ra l {V3)_|,^ft-(rri +tra)-(fV- 

H- i;v2)-(C'r2+5:ri) 




+fi-(?:v,H Kri}-{K'r2^Kr,)] [/ L+ ^-+7 “ 2 y/(r,, r2)~2yi{r.i, r,^)-\-E ) S^i 

LV ^2 ^2 ^3 f 

-2y((>-r»'3)]} 


where - 


yiirv ’■j) =- <■1%'*^ (»'i < r,) 
= rjjrfr^r^ < rj 


and 


i 9^: 0 


since 


T 


[l\{Z)]Hz = 




and J Pi(oos 0) sin — 2 (Jq^ [vide Magnus oherhettingor (19,54) 

when I — 0 Eqn. (9) becomes 


[ j/oW = J J /oW Oo(»'l.''2.»‘3) - U<^) 

We solve the Eq. (10) by the variational method of Hiilthen (1944). Tlie triiil 
wave function we have used is of the same form as that of Moisei witsoh (1953) 
i.o. 

ft{r) ™ sill cos whore 


The phase is given by ?/o “ tan“% 
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The values of tlxo paraiuetorM a, b, are found from the simultaneous Equation 

i-O. ^^ = 0, and 

da do 

where X= f [( + V- W) f,(r,) 

- J r M‘ri)Qai>'i. 

0 0 J 

TABT.E T 

The total sejittering cross section for the low energy range is tabulated below. 
A comparison lias been made for three types of helium atom wave forms. 


Electron 
wove No. 


Value of Total 
Clrosa Sof’i.iori 


in atomic 
units 

of the Parninot/or a 


in TTn-n^ 



1 (I) 

1!:-::'- 1 0875 

I c- 

(11) (ITT) 

1 C - 1.19; ! C-I.O, 
2.184 C'--2.1 

(T) 

C -C- 1.0875 1 

C' 

(11) 

(:=-i.i9 

-^-2,184 

(III) 

1 C-l.O 
t:'-2.1 

. 1 .30 1 

- .200 

- .175 - .210 

8 30 

7 430 

9.G1 

. OOS 

-1.10 

-1.00 -1,18 

,5 93 

.5.911 

0 25 

1 .053 

-.3 02 

-3 3.58 -.3 7,3 

3 . 35 

3 30 

3 39 

1 .922 

.3.51 

2 70 .3 45 

! 1 00 

9566 

* 998 


Pack, Phelps and Erost (19G0) have reported the value lOffo^for (momentum 
transfer (n oss section) at mean electron energies in the range .003 eV to .05 eV, which 
they htive derived from the drift velocity measurement. At the energy .04 eV, 
Phelps, Fundingsland and Brown (1 951) have observed the cross section as lO.lOUo^. 
At the same energy the cross section calculated by Moisei witsch (1953) with 
Ilyllerass wave function is 28. 906^0^ variational method and 27.02 a-o^ by 

numerical integration when the effect of exchange is taken into account; where- 
as the cross section on ignoring excJrange effect becomes 349.01 Uq* as calculated 
by variational method and 248.2 «q 2 by nimierical integration, [n a recent paper 
Moiseiwitscli (1961) has numerically calculated the integro-difforential equation 
using a wave function of Green H al. (J 954) and has found thrvalue for the total 
cross section as 20. Ir/,,,'** in the limit of zero energy. On solving the integro dif- 
ferential equation by the variational method of Hultlien we have found the total 
cross section at .04 eV as 27.21 and 28.lO«o^ for the two choices of wave func- 
tions mentioned earlier. These values of the cross section agree closely with the 
values found by Moisciwithsoli (1961). Ecirther the first choice of the wave 
function gives better agreement than the second. The variational method of 
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Hulthen in a very low energy i-egion gives the value of the cross section close 
to that obtained by the numerical method, but deviates from tJie numerical method 
with the increase of energy. The discrei)an(;y between the theoretical and 
observed value is considerably removed by a suitable choice of wave function 
and by including the effect of exchange in calculation. Tlic discrepancy still loft 
may be duo to the neglect of polarization. 
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ON THE RAMAN AND INFRARED SPECTRA OF 
1.4-DlCHLOROBUTANE AND PROPIONYL 
CHLORIDE IN DIFFERENT STATES* 
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( '8 DjSI'AH TMJfiNT, 

iKiJlAN AasOClATiON POK TUIO CULTIVATION Or SCIENCE, 

Calcutta -32. 

{Uevvivcd March 18, 1962) 

ABSTRACT. TJic Jliiinun 8))(»(‘Iyi'a of 1,4-dK'hloiobul/Ufto and |)ro]>u>iiyI tjlilorido ja 
Mio lu|uid mid solid sLutos at ■^ISO'^C and also (.ho mfrai'od spocfcm of Uio pviio li(|U]dH nnd of 
thoii’ snlutiouH Jii sujtrtblo idipfmt.io solvoiil-s in tbo rogioii (iOO (‘iii-J to 3200 oiii i luivo bwojri 
iiiVOHt.igatod, It has boon ob-sorvcd that iii both tho easos tho liquid foasists ol’ ("wo tyiaw 
of iiiolcculoa, but tlio ioiiu whidi jMiinsts iji tho solid stato is olhov than oonlio-symmotvJcaK 
la tho Holid stato at - 180"C, I, 4-dichlorobutuiio oxlabils no now lino in tho low fiuqiionry' 
rogion whdo propionyl ohlundo exliibits tbioo such lino.s of shifts 13, .13 and 07 orii-i‘ rospoo- ' 
tivoly. These linos liavo^boou assigned to lutorinoleouliii coupling. 

Ilosides those diaiigos some ohangos m tho vibrational inodos ol tho foinpounds mo also 
observed xn the mlrarod sjiocLra ol tho solutions. Tho siguiliemioo of all those ohuagus Jiiivo 
boon disouasod. 

1 N T R 0 D tr C T 1 O N 

"J'ho hifni-red spoctra of teirainot.hvlenc Iiroiin'dt* iii tlic licjuid *aiul solid 
states weie studied by Brown et al (lliriOa). Jt was cone, hided Iruiu a coiiipari- 
suii of the results for the liquid and solid states of the uiolecule that- tho liquid 
consists of molecules of two isomeric forms avIhIc in the solid stati*. only a single 
isomer Avith centro-symiuctT'ieal configuratitm is present. TJie.y furtlier ooiupai’ed 
the spectj'a wdth those fop 7i-iiropyl chloride and ?/, -propyl bromide and concluded 
that in the solid state the bromine atoms ol the teli’amothyl bi’omide lie on the 
opposite sides of the plane through the carbon chain. As the Raman spectra of 
tetrauicthylono chloride liad not been investigated in the liquid and solid states 
by any previous worker, it was thought v^orthwhilc to study the Raman spectra 
of tlic compound in the t\^^o different states in order to find out how they support 
the above eonchisioiis. 

Propionyl chloride is another molecule in wliieli one CHaOl group of trime- 
thylene chloi ide is replaced by the COOl group. In order to find out the. changes 
in the spectrum Avitli the solidification of the liquid, the Raman spectra of the 
compound in the liquid and solid .states have also heen investigated, 

♦Communicated by Prof. 8. 0, 8irkar. 
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The infrared spectra of both the coinpomids in the liquid, state aiul of their 
solutions in some chosen aliphatic solvents have also boon investigated in the 
region from 600 cm“^ to 3200 in order to find out the influence of the sur- 
rounding molecules on the intramolecular vibrational modes. 

The results for the Raman and infrared spectra have been discussed in the 
present paper. 


13 X p K R T M E N T A 3. 

The liquids studied in the present investigation weie obtained from the 
Eastman Kodak Co. Ltd. and were of chemically pure quality. They M'orc further 
purified by distillation under reduced pressure. The technique used for record- 
ing the Hainan spectra in the solid state at — 1H0”C and in the liquid state at the 
room temperature was the same at that used by Biswas (1954). The polari- 
sation of the Raman lines of the liquids was studied in the usual Avay (Deb, 1960). 
All the spectra were photographed on Ilford Zenith plates with the help of a Eiiess 
glass sijectrograph having a dispersion of about 11 A/mm in the region 4047 A. 

The infrared absorption sjiectra of the liquids and of their solutions in CCI4, 
CHC^a, CtS.^ and ;^hexane were rcciordcd in the region 607 -’3200 cin.~^ with the 
help of a Perkin-Elmer model 21 spcetroiihotometiT with NaCl optics. An 
absorption cell 0.05 mm thick was used in recording the spccitra of the solutions 
while a thin film of the liquid contained between two NaO) discs was used in the 
ease of the pure liquids. Suitable compensation cells ^vcrv. used in recording the 
absorption siiectra of the solutions. 



Fig. 3(a) Infrared spect-ruiu of pure 1, 4-dicUloi'obutane. 
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K E S U L T R 


The Raman spectra for the liquid and solid states of the t^vo substances are 
reproduced in Figs. 1 and 2, Plato IV. The frequency-shifts a]*e given in Tables I 
and III. The state of polarisation of the Raman lines is indicated in the table by 
the letters P and 1), the letter I) indicating the totally ilepolarised iiatui e of the 
line. 


JS, 


t 



— ^ Wave uumbor 

CCI4 C82 CHCla IfoAano 



— > Wavo Jiumber 

Hexane CS-. CCI 4 OHCI 3 - 

Fig. 3(b). Infrared spectra of Holutioua of 1, 4-dichlorobutatio in the flolvonts sliown. 

The infrared spectra of tfio eumpoundfi in the liquid state and of their solu- 
tions in CCI 4 , CHCI 3 , CSo and ?i-hexane and also the infrarerl spectrum of pure 
1 : 2 dibronio ethane are shoMTi in Pigs. 3, 4 and Ti. The infrared bands are 
tabulated in Tables II and IV. The visually estimated strengths of the bands are 
indicated by the usual symbols in the parentheses. 
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1, 4^-Dichlorohutane : 

Changes in the Ra,min spectra with the solidification of the liquid. 

It can be seen from Table T that the Kamau lines 301, 724 and 2B76 om~i 
in the si^ectrum of pure 1, 4-diohlorobutane disappear when the liquid is 
solidified. Brown et al. (1955) observed similar changes in the infrared spectra and 
concluded that in the solid state there is only one type of molecule with a centre 
of symmetry. Tt is to be pointed out, however, that the existence of a centre of 
symmetry should liave made some of the Raman and infrared active fundamentals 



600 BOO lOOO 1200 1400 J600 IBOO 2000 2BOO 3000 3200 cm' 

— > Wave nurabot 

4(a). Tnfrarod Hpeclrum of pure propionylchlorklo. 


Fig. 4(b). 



— ► Wave number 


Infrared spectra of Bolutions of propionyl chloride in the solvents shown. 
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60r 



— > Wave number ^ 

Ht^xano OSa CC-l* l| 

Fig. 4((-). Iilfrivrort «iwl™ of .solulionB ot propionyl clilorido in the Bolventa ahown. 1 



mutually cxohisive. For instance, the Une 687 cm-i in the Raman spectrum 
of 1. 2.dibromoethane persists and the Unes 551 and 583 cm"' disappear when the 
liquid is solidified (Mizushima, 1938). The infrared spectra of 1, 2.dibromoethanc 
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TABLE 1 

Raman and infrarod spoctra of 1, 4-dichlorobntano v in cm“^ 


Banian Rhiftn (Piosont. autlior) Iiifrnr«d bandis (Brown pt al, 1955) 


Puro liquid 

Solid aC~ IBO^O 

Pure liquid 

Solid 

232 (2) P 

233 (I) 

246 (1) 



274 (4b) P 

272 (2) 



311 (2) P 

361 (4) P 

4flC (1) P 

311 (1) 



660 (12b) P 

642 (10) 

650 (r) 

650 (fl) 

724 (6) P 


728 (k) 


73K (2) P 


745 (s) 


774 (3) P 

774 (1) 

775 (h) 

775 (h) 

fill (1) P 

811 (1) 



824 (0) 

824 (0) 

824 (in) 


870 (ob) 

870 (ob) 

872 (ni) 

871 (m) 



887 (ill) 

040 (m) 

900 (m) 

980 (2) P 

977 (2) 

988 (s) 

1008 (d) 

1017 (m) 

1008 (a) 

1034 (0) 


1041 (m) 

1040 (w) 

1053 (0) 


J062 (in) 

1135 (w) 

1166 (w) 

1120 (w) 

1194 (1) 


1189 (w) 

1215 (w) 

1193 (in) 

1262 (1) 

1207 (lb) 

1432 (4) r>? 

1264 (1) 

1262 (s) 

1297 (a) 

1295 (a) 

1317 (m) 


1440 (a) 

1461 (a) 

1445 (5) P 

2844 (1) 

2844 (0) 



2876 (4) P 
2016 (10) P 

2914 (8) 

2926 (5) 



2900 (10) P 

2962 (8) 



3003 (4) P 

3004 (4) 
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TABLT5 n 

Infinio.! cpoctrft ..f J . 4-diohlor.>b«t*w v in 'om-i 


VUI'M 


bunds in 

^ ^ ^ . V"" ' 


(I'wsout luilhor) 


Vuisuivl 





\lli MMI 

tn C'OU 

in t^iraa 

in 

in 

(t-lO (s) 


040 (m) 


<>15 (m) 

(>) 

722 ( 8 ) 

700 (in) 


<570 (w) 



o<50 fm) 

720 (ff) 




7SS (s) . 

74.0 (,s') 

riCi («} 



77M (rsj 

770 («) 

770 



SJ2 (viv) 

KIS (\i\vi 

s' 1^0 

Sio (s) 


m) ) 

HOO (n-l| 

sort 

S0r> (riv) 


SS,f ('vwj 

mj (ir) i 

Sf)0 {fi ) 

SOO ('rirl 



OOii (vw) 

OOii (vm) 

f)3i) (w) 

OO.'T Cvv'} 

n:i2 M 

.922 M 

OS, 7 (w) 

9.9 J (w) 

OSJj (ril) 

080 (ill) 

078 ( 111 ) 

OHO (ill) 

0H2 (ill) 

(ni) 

1002 (in) 

1002 (ill) 

1002 (ill) 

1002 (III) 

lO-J-0 (w) 

1040 (w) 

1040 (w) 

J 040 M 

1040 (w) 

1002 M 

1068 (w) 


1065 (w) 

1 002 (w) 

1110 (w) 

1 145 (w) 

1140 (w) 

1140 (w) 

1138 (w) 

1 J 60 (w) 

J 1 00 (w) 


1 1 05 M 

IKK) (w) 

1 1 80 (w) 

1190 (w) 


1 1 90 M 

1 1 70 (w) 

1 220 (w) 

1 220 (w) 

1230 (s) 

1 220 (w) 

1 220 (av) 

1250 (in) 

1250 (in) 


1250 ( 111 ) 

1250 (m) 

1200 (s) 

1260 (in) 

1260 (s) 

1200 (111) 

1200 (Til) 

1 200 (vs) 

J 200 (vs) 

1200 (vs) 

1290 (vs) 

1290 (vb) 

1300 (vs) 

1 305 (b) 


1305 (vb) 

1 302 ( 8 ) 

1318 (fl) 

1320 (h) 

1 320 (b) 

1320 (vh) 

1320 (fl) 

1 350 (w) 

1350 (w) 



1342 ( 111 ) 

1 365 (w) 

1370 (m^ 


1302 (ni) 

1 370 (s) 

1445 (vs) 

1450 (vs) 

1460 (vs) 

1435 (b) 

1440 (b) 

1460 (b) 

2842 (in) 

1465 (s) 

1465 (b) 


1480 (ill) 

2865 (s) 

2805 (h) 




2953 (vs) 

2970 (s) 

2902 (vB) 

2958 (Vs) 


3000 (s) 

3005 (s) 

3005 (h) 

3000 (h) 
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jfliijimj] ffp0<?tni Of propidnyl <thlovidc. Av in om-^ 




Puro liquid 


liaudoli'Bomiiiioiu 

TuIjIo (1961) l?j-oa6ut authoi 


Solid at ^IHO'TJ 
VruHoid author 



192 (3) V 

43 (2) 

53 (0) 

07 (0) 

102 (1) 

232 (2) 


201 (2) V 

201 (1) 

36+ (7) V 

351 (0) P 

358 (3) 

432 (lOab) P 

433 (lOb) P 

133 (0) 


488 (2) P 

485 (0) 


503 (3) P 

494 (2) 

606 (4flh) P 

607 (4) P 


089 (Ob) I’ 

095 (4) P 

690 (4) 

789 (0) 

890 (0) 

898 (0) 


JOlO (2) P 

1010 (1) P 


1080 (5) P 

1082 (5) P 

1081 (2) 

1262 (0) 

1253 (1) P 


1400 (2) 

1400 (4) D 

1407 (4) 

1461 (2«b) P 

1454 (3) P 

1458 (2) 

1787 (3b) P 

1 794 (2) P ? 

1788 (2) 

1833 (1) 

2748 (1) 

2884 (3b) 

2883 (3) P 


2905 (1) 

2917 (3b) P 

2917 (3) 

2921 (2) 



2045 (8) 

2945 ( 1 0) P 

2943 (8) 

2989 (4«b) 

2990 (5) P 

2988 (2) 



3000 (4) 
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TABLl IV 

Jiifivirei! spectra of propionyl chloride, vinoar^ 


Infr^nwJ of solutions (l^reaont mUw}) 


piiio liquid 

aiiliior 

in 

(VU 

111 

Ciroia 

in 

C8a 

ir 

670 (Ui) 

ooo M 

070 (v\y) 

(J85 (va) 

003 (111) 

080 (V8) 

070 (m) 

085 (vs) 

670 fvvv) 

690 (v«) 

700 (w) 




780 (n’) 

780 (A^') 

THS (ni) 

fiOS (r/g) 

OJO (vf*) 

OJO (m) 

0/0 (vn) 

9/0 (v^ 
OW (y\ } \ 

1012 (s) 

low (s) 

1010 (h) 

1010 (a) 

lOW(s) \ 
1000 (111) 

1078 (Jii) 

1 080 (a) 

1080 (ft) 

1080 (111) 

WHO (111) 

1U8 (m) 

1110 (m) 

1110 (ni) 

1110 (w) 

1125 (H) 

J240 (h) 

1240 (a) 

1234 (111) 

1235 (ill) 

1240 (in) 

1300 (v\v) 

1300 (III) 

1202 (ill) 

1300 (m) 

1300 (III) 

1 330 (w) 

1325 (111) 

1330 (w) . 

1325 (av) 

>340 (b) 

1390 (ill) 

1380 (ill) 

1385 (in) 

1380 (ill) 

1 380 (a) 

1410 (s) 

1410 (h) 

1410 (B) 

1405 (s) 


1430 (m) 

1430 (s) 



1430 (vAv) 

1400 (w) 

1400 (ill) 

1400 (a) 


1400 (vs) 

1650 (w) 

1646 (w) 




1718 (a) 

1710 (vs) 

1710 (a) 

1710 (a) 

1718 (m) 

1788 (vs) 

1785 (vb) 

1782 (vs) 

1784 (va) 

1788 (va) 

1838 (vs) 

1838 (vs) 

1840 (a) 

1835 (b)_ 

1840 (a) 

2882 (w) 

2882 (w) 

2885 (ni) 

2880 (w) 


2900 (w) 

2905 (in) 

2905 (m) 



2090 (III) 

2090 (s) 

2990 (s) 

2980 (a) 


3020 (ill) 

3020 (w) 

3025 (a) 
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in the liquid states wore investigated by Brow^n ct ah (19/50) and they 

observed the disappearances cd’ the strong bauds and \ 24B Vith aoli- 
clifioation of the liquid. They however, did not ivoord the spectrum bejovr 
700 cm“^ In order to verify whether there is any band in the 600—700 
region the infrared speetrnin of the liquid was leeorded nith a Perkiu-Elmcr 
infrared spectrophotometer with NaCl optics and the record so obtained does 
nut show any band in the region mentioned above. So, m this ease tlie band 
()50 cin"^ is forbidden in the infrared. The appearance of Uie Irequcncy 650 ciu“^ 
botli in the Hainan spectrum and in the infrared sjicc truni of J, 4-diehlorobutaiu) 
on tlie otherluind suggests that the moJeeule giving this frequency tias no centre 
of symmetry. The disappearance of the strong line 724 enr ^ and of the infrared 
baud of the same frequency along with other lines witli the solidilicalioii of the 
liquid indKiates that the liquid eon.sists of two types of molecules as suggesterl by 
Brown ef al (1055), but the configuration of the moh'cule wliioh persists in the 
solid states is other than eeiitro-synimetncal. It may bo of the lorjii (iTCj in 
winch tlie cldorinc atoms are on the same side of the plane throiigli tlie carbon 
chain. 

[ii addition to the above changes mentioned above some utlici' changes also 
take ])lace with the solidibcation of the liquid. Kacli of the Hainan lines 274 
and 2016 ciii"^ sjilits iqj into two lines when the compound is solidilied and cooled 
to ISO^’C. The lino 274 cm~^ s^ilits up iiit-o the components 246 cm-', 272 cm-^ 
and the line 2!)l()cin~^ into the components 2914 cni-^ and 2026 cm k The 
line 274 cin~^ may be due to the bending oseillatioii of the C-Cl group and the 
lino 2016 due to C-H valence oscillation. Also the line 650 cm due to 
d-Cl valence oscillation slutts to 642 cm~^ under similar (joiiditioiis. Lienee, 
these changes might be duo to tin* tormation of assoiiated groups of molecules 
through H atoms in the fro/.eu state of tlic substance at — “180”C. 

lujraml spectra of solutions 

It is seen from Table 11 that all the infrared bands of' the lupiid recorded in 
the present investigation elosely agi’ee with those observed in the previous workers, 
excepting the bands 1300, 131S and 1460 cm~^ which were not resolved from the 
neighbouring bands in the previous investigation. 

it can be seen from Table i and 11 that there are four mirarod bands in the 
region 600—800 em”^ in tlio absorjition spectrum of 1, 4-dichlorobutaiio and some 
of these undergo changes when the. liquid is dissolved in the solvents mcntionetl 
carJic^r. Of these the tiand 646 cni~^ becomes w'eaker with respect to the band 
772 cm-^ and the band 745 cm"^ biiemcs stronger when the liquid is dissolved in 
either 'a-liexaiie or CSa. In the other two solutions due to the presence of ab- 
sorption bands of the solvents and also for want of accurate com])ensjition the 
changes are not reliable. The band 772 cm~i is most probably duo to C-H 
mode because it is present in the spectrum of ethane. The band 650 om~^ is duo 
3 
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to the GTG configuration of the uioleculo. Honco the number of molecules of 
this configuration diniinishes in solutions mentioned and that of the molecules of 
flome other configuration giving the band 745 inciciiHcs. In the caae of solu- 
tion in 7i-hcxane tJio band 646 cm-i splits up into two components at 645 cm~i 
and 670 cm-i respectively while in solution in OiSg no such influence is observed. 
The width of the band 1290 cju~^ due to C-H oscillation diminishes considerably 
but the integrated absorption remiuns dliuost unchanged when the liquid is 
dissolved in either a-hexane or CCI4, but such change is smaller in the solution in 
0^2 absent in the soluflon in OHCI3. 

Pro'pionyl chloride 

A. Chmiyes in the Raman •'ipectra with the miidijication of the lUpiid 

It can be seen from Table III that most of the Ltamuii lines ot the liquid 
observed 111 the present investigation agree closely with those reported by previous 
workers, excepting the lines 231 and 2921 cm“^ which ai c not visdilii m the present 
spectrogram. The line 2021 ciir^ together with the hue 2005 cm~' rcjiorted bj’' 
previous workers appears as a broad line at 2017 cm and four more lines oj| 
Raman shifts 192, 261, 433 and 503 cm are clearly visible in the speetrograni^ 
obtained 111 the present investigation. 

It can lie seen from Table III that the Raman lines 567 and 2883 cm~^ due 
to pure iiropionyl chloride disapper with the solidilhaiion of tlie liquid. It is 
evident from these I'esults that the liquul consists of two typos of molecule, s one 
of which disaiqicars with the solidification of the Inpud, I'lom a eoinparison with 
the results obtained in the infrared spectra of /A-jn’opy] halides in differmit states 
(Brown et al,, 1954b) the lines 567 and 605 cm ^ may ri'presenl, the O-Cl tVe- 
quency of gauche and trans types of moliH ules respectively. Tlic disappcaiancc 
of the line 507 cm~^ thus suggest the presence of only the trans isomer 111 tin*, solid 
state. The infrared data of the compound in the solid stale are not available, 
but similar changes are also expected in the ca..se of the infrared spectra AvitJi 
solidification, because there is no centre- of syiiimetry in the molecule. 

Some significant changes take xdacc also in some other Raman lines wilh 
the solidification of the liquid. The line 2900 cm ^ sjilits up into t\\ i) lines 3006 and 
2988 0111-^ and the lines 695 eiii'^ and 1704 cm“^ sliift to 690 eiii-^ and 1788 cm-^ 
respectively. Also, three low-iVcquency Raman lines 43, 53 and 97 cm~i ajqiear 
ill the spectrum due to tlie solid, llie changes are evidently -due to weak inter- 
molecular coupling in the solid state anil the above losults shovi' that such 
coupling takes place through the chlorine and oxygen atoims of any molecule 
M'ith the hydrogen atoms of the neighbouring molecub^s. The lovv-frequoncy 
lines also may bo due to oscillations between Avoakly coupled molecules in the 
crystal. As pointefi out by Mazuindor (1050) the persence of only one form of 
molecule in the solid is also due f o the consoqiieiice of such weak intermo locular 
coupling. 
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B. Infrared specAra of solutions 

TJio changes ohservod in the infrared lijuids of propifniyl ehloi-ido on dissol- 
ving tlie liquid in CCl^, CHCl^, 0% and ii-hexane are indicated in Table TV by the 
underlined figures, The strength of the band 670 cni~i diniinishes in comparison 
with that of the band 690 cm ^ when the liquid is dissolved in the solvents men- 
tinned above, but this changt^ is more conspicuous in solutions m COI4 and 
-hexane than in the other two cases. The band 090 cm'^ appears also in the 
Uainan spectrum but the line 670 om-^ is absent in the Raman spectrum. The 
bitter mode may be that of the associated molecule as poinl^ed out by Mazumder 
(1958) and in that case the band 690 cm-^ is due to the single molecule. Tt 
appears fi'oni the strength of the band 690 cm“^ due to solutions that the 
solvents break up some of the associated molecules into single molecules. 
Table IV shows that the ra,tio of the .strengths of the bands lllOOcm-i and 
1240 cm~^ also iniToascs when the liqiml is dissolved in the solvents. Tlie band 
1300 cm"^ may therefo.te bo assigned to a single molecule. Tlie decrease in this 
fr(^r|uency with fissociation of the molecules indicates that hydrogen bonding with 
chlorine atom is T csponsiblo for the assocuation. 

A ( .1 K N 0 W L E D Cx M E N T 

The author acknoNi'lcdges his ever grateful indebtedness to Professor S. C. 
8irkar, D.So,, P.N.L, for his kind help and inspiring guidance throughout the 
progi'css ot this work. 


B E E E R. E N 0 E S 

BiHwns, D. V , inri4, fnd. J. PJnjs., 28, 303. 

Brown, 4. K. and SliolTnrd, N., It)50a, J)isi\ Faradaij Sor., 9, 144. 

Oiwn, -T, 1C. mid Shoffurd, ’N, lOo."), Proc Hoy Sor., Loudon, 231 A, 55.'). 

Broil’ll, .J. K. nnd Skofftird, N , 1954, Turns Fetmduy Soc , 50, 116A. 

Dob, K. K., UKiO, lud J. Phys, 34, 247. 

Mazumdor, H, 1959, J, 33, 92 

Mazumdor, M,. 195S, Dir/ .7. P/o/.s., 32, 451 

Mizushima,S. mid Mormo, Y., 1038, Pror, Ind. Arad. iS'ti., 8A, 315. 



30 

ELECTRONIC SPECTRA OF ACHLORONAPHTHALENE 
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ABSTRACT. Tho nonr iiltraviolol. Rbsorptimi wpoclAni of /^-oliloro-napliibaJonp Imvo 
lifwn Hl.iidior] in tlio vapour iiml ])1 )h.hp 8 mid in i-lio solid niiil/O nb and — 1 SO^f! Tlio 

HuliRianro yioldw to HystomH of bands in tlio nniir ultmvjolot rogion, ono duo fo **- 
and f.lio ntimr duo to A\g — fi'miHition. It bus boon obsorvod tliaf tlio suhstdAition lof 
oblonno atom in tlio /?-poRii ion in tho napld.halono rinp Hliilts tbo wonk first systimi by 700 cmp 
towarda tbo rod and tbo slroiif^ sooond Hystom onl\ by IMO oiii->. Furllior. on luiiiorar tulip 
of tho vapour of /l-cblnrona])btha1ono, tbo (^0 band of tho fiist Bystom is Rbiftud by only 
3r»l oni“i tomirds rod, wIiovour in tbo caso of Ibo socond systom tbo sbift is 1343 
Whoii thf' br|uid is solidified, tbo 0,0 band of oithor ol tbo systoms ap])oai's to bo sidit up 
into throo oomponoiits by tbo crystal fiolds at tbo room tiomporaturo and tbo split i-ompo- 
nonl'8 booomo sbavpoi* when tbo ery.Rtaly aro ooolod to — ISCC, It has lioon HUKjjostod that 
ilu' intorad ion betwion transition moinont. and tbo iiormaiuait (li])ol(‘S of noi^bboiinn^r 
moloeiiloB mifilit be responsible for Ibo largo sjilitling oliservod in this eiiH(‘, booaiiso tho 
llovydov-spUtiing is ovpo< tod to be too small to aoi-ount for snob a largo splitting. 

# 

T N T R 0 0 U (1 T I 0 N 

The near ultraviolet absorption speetriim of naphthalene in the vapour state 
shows two distinct systems of bands in the regions 3200A— 2900A nnd 2750A— 
2500A, and a third system extending from 2250A to shorter wave lengths. The 
first system is weak and is now established to be due to transition Avith 

the transition moment along the long axis of the molecule. The stronger second 
system on the short w’avclengl-h side is due to - transition, tho transition 
moment being along the short axis of the molecule, and the third system is due to 
Ajp-B+ 3 ,y transition (McClure, 1054, ’50, McClure and Schnepp, 1055; Baba and 
Su 7 aiki, 1961). The energies calculated theoretically by Praiser (1056) soein 
to agree with the ohser-ved values. 

Jn the case of monosidrstitiitcd naphthalenes the substitution reduces the 
symmetry of naidithalene to G«. However, tlie energy levels of the deri- 
vatives may be denoted h}'' the analogy of the not/ation for the corresponding 
quantities of the parent hydrocarbon. Thus Baba and Suzuki (1061) designated 
the lowest excited state of the derivatives as B-gu* If was observed by many 
*Conitmmj(‘Hicfl by Prof. S. C, Sirkar. 
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previouH workers that. t.]ie substitution shifts the t)a.n(l systems towards longer 
wavelengths, 

"Data furnishing the information ahoul. the influenco of intermolecular field 
of the crystfil lattieq on the electronic states of molecLdo ol‘ monosubstitutod 
naphthalenes are meagre. Dob (1954) and Banei jee (1950) stufliod the nltraviolcl 
absorption spectra of a fow monosubstibnted naphthalenes in diffeieut states in 
order to find out the influenco of intormolecailar field on the spec'i ra. 

The ultraviolet absorption spectra of /?-c}iloronii[)hthalone m hexane solu- 
tion was first studied by do Lazio (1926). Recently, Ferguson (1954) studied the 
ultraviolet absorption spectrum of /f-chloronaphthaleno dispersed in rigid glass 
medium at — J8()"C. The influence of intermolecular field on the absorption 
spectrum of /j’-chloronaphthalene had not been investigated earlier. The present 
work was, therefore, undertaken to study the absorption sjiectra of this subst ance 
in the liquid state and in the solid state at room temperature and at. Imv tempera- 
ture and to compare the rosullH with those for the vapoui’ in orrlcr to find out the 
influence of intermoleiuilar field in the lattice. 

K X 1* E 11 1 M E N T A L 

The cxpei’inient al S(‘t-u[) was the same as described in an ea.rlier paper (Misra, 
1000). (Iiemically pure /y-chloronaphthalene was ro])eatcdly crystallised from 
solution in alcohol and the crystals w'crc further purified by vacuum sublimation 
before use. For studying the absorption siiectium of the vapour, a 50 cm long 
absor])tion tube was used The temjieratm’c of the bulb containing the substance 
was keiit at 12(r(^ to record the first system and at 40“O to record the second 
system, the temperature of the absoriition tube being always kejii at about 1()°C 
above Ihaf- of the bull). 

Thin films of substance of thickness of the order of a few microns were 
reijuirod to pi’odnce bands in the liipiid and solid states. The spectrograms were 
iakcii on Agfa Isopan films with a Hilgcr El siiectrograph giving a dispersion of 
about per mm in the 2600A region. MicrophotoTuetrii^ records Avere taken 
Avith a, Ivipp and Zonen Moll microphotometer and the absorjition spectra, Avere 
calibrated with the help of microphotomctrie recorrls of iron arc spectrum photo- 
graiihed on each spectrogram as explained in an earlier paper (iSirkar and Misra, 
1959). 

R 15 R U L T S AND DISCUSSIONS 

The mici'ophotometric records of the ab.sorpt,ion spectra are reproduced in 
Figs. 1, 2 and 3. The AA'aAUA numbers of the bands Avith their approximate 
visual intensities and probable assignments are given in Tables J and IT, 

It can be seen from the figures as well as from Ta,bles 1 and II that the 
absorption spectrum of /?-cliloronaphthalenc consists of tAvo groups of bands. 
TJie relative intensities of the bauds in the tAA'o group.s clearly indicate that tJiey 
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coiiBbiiutc two sepiirate sy,sienie. The Ibeble group of bands on the long wave- 
length side Avas culled Part J by de Lazio (1026) while the other group was called 
Pait IT. In this paper, they are designated as the fitst system and the second 
svstoni of bands respectively TJie results obtained are discussed in the following 
liaragrajjhs. 



Kig, I. jVTun’ophotoiuotno records of ultiavjolut ubsoi'ptirm bfUids of /J-f‘hloro> 
jiaphtlialcne (J^’irst systoin) 

(a) vapour phase. (b) liquid at 70^0 (c) solid at 32’C^ (d) solid at - ISOT-. 

(fi) Spectrum due to the vapour phase. 

When n 50 cm long absorption tube is used the strong system (second 
system) appears in the region 35000 cm-i - 37500 cm-i at the saturation vapour 
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pressure of the substance nt 4()‘'C!. WJien the tempo rati irc of the substance is 
raised to 120''C tlic weak system (first system) makes its apjiearauce at the satura,- 
tion vapour pressure of the substance ut this tomiieiMture iji ithe re>ri(jji from 
31000 13111”^ to 33000 em“^. 

Tn the first system, ciglit jironiinont bands Jiav(‘ been observed, the strong 
0,0 band is at 31311 em 'b The otJier bands can lie analysed in terms of excit ed 
state vibrational frequencies 305, 500, 745, 083, 1150 and 1481 ciir^ respectively. 
There is a weak band at 32041 cm ' which is at a distance of 1330 enr ^ from llie 
0, 0 band. TJiough thei-e is a stiong Ihiinan frequency 1380 mn ^ to which this 
frequency may cori'espond in the exeited stale, no sindi ircu|nency was observed 
in the rigid glass solution at — 1S0°C. 3''hus it is jmibable that this is a v v' 
transition repi'escnied as 0-f 1481 — 150. 'Phe occnrrciicc of the hump .if 31101 
cm“^ (0—150) on tlio long wavelength side of the 0, 0 band sujijiorts this assign- 
ment. Kiccoiitly, Craig cl (d. (1950) studied the first system m tlu3 spectrum 
duo t.o naphthalene vapour and observed that the system has three inter pmietrat mg 
sets of bands, with the 0, 0 band at 32020 cm-'. Thus the 0, 0 band of this system 
is shifted by 700 cm~^ towards longiT \i'avele,ngUi by the siihstitution ol (’hlorinu 
atom in the //-position. 

In the second system about twenty proniiiicnt bands are observed. Tlie 
transition being allowed, a strong 0 0 baiivl is expoclod m tins ease and the very 
strong band at 35407 cm ^ was taken as the 0,0 haml of this system. (Vaig 
did not study the second .system ol naphtlialeno vapour, lleiii i and de La/do 
(JU24) studied the spcctium ol naphtJi.iU'uo vapom* and from the siiecti'iiiu 
reproduced by them it a})pctir.s that the 0, 0 band of the second system of naph- 
tlialenc in the va])onr ])hase is at. 35844 cm" b Tims this system is shifted by 
only 347 cm ^ towards red duo t.o the substitution. 

The oilier bands oi the sy.stem may then be exjilainofl in lei ms ot fi'oqiioncios 
100 and 417 em-^ in tJie ground .state ami 117, K)0, 528, 85S, 1140, 1321, 
1410 and 155()tiir ' in the excited state as .shown in Table 1. Tlie, Jlainaii 
lfo(j[ueiicics of the substaneo as reported in Landolt and Bornstein s Tables 
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Vig. 2. MjcropliotomoiriL- rccoj’d of ahhoi-piioii. s]iootj‘ii of 5'-ciiloronflphMialom:) 
in tho vapour jOiuso. (Second system) 
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(1952) aro 282(1), 355(3). 415(2), 516(4), 533(4), 769(5), 863(3), 949(2), 1017(2), 
1086(2), 1J53(1), 1248(2), 1386(10), 1433(4), 1458(3), 1570(7), 1624(2), 2927(2) 
and 3052(3) the inionsities being gircn in the ijarenth.e«es. It ean be 

seen tliat the frtaiuencies observed in the prefiont investigation agree burly well 
^vith the reported Ham an fV(Hpjencie.s. 

TABLli: T 

Ultraviolet absorption bands of /y-chloronai)lithalene in the vapour phase 


W*iv(' Ninnb'j’ iind Wavi* JS'umbm' iiud 


Jnii'ijHily 

^,‘^si^ntm'llt 

JiiUj'nHity 

AHaigniiu'iit 

fciVhUnii 

SoL'ond HyaUnu 

lOiKl (\w) 

0 H 305 - 5l(i 

35US0 (in) 

0 - 417 

(vh) 

0,0 

35307 (in) 

0 - 190 

:{l()7(i (in) 

0 ; 305 

35497 (vH) 

0,0 

31 sn (w) 

0-1 500 

35014 (in) 

0 -1 117 

U20,')U (w) 

0 f 745 

35900 (v,s) 

0 -1 409 

32234 (in) 

0 I !)S:{ 

30025 (in) 

0 1- 528 

32-1 (il (in) 

0 1 1150 

.10355 (in) 

0 4 85 S 

321)11 (w) 

0 -1- 1330 

30041) (in) 

0 -1 1149 


0 1- 14S1 4- 305 

- 510 30H21 (in) 

0 K 1324 

32702 (vs) 

0 i lISl 

3091 () (\ .s) 

0 1 1 119 



37053 (in) 

0 1 55(1 



37310 (ah) 

0 -1- -109 -1- 1419 



374()4 (h) 

0 -'f- 409 + 1 .550 



38349 (vh) 

0-1 2 X 1119 



38400 (in) 

0 1 2 \ 1 119 1-117 



38757 (h) 

OH 2 a 1419 1” 409 

The cxeitefl 

state fiequeneios 

365, 506, 745, 9S3, 

1150 and 1481 ein"^ 


()})sorved m the fijst system pi’obably eorrespond to tlio llaman frecpiencies 415, 
533, 769, 1017, 1153 and 1570 cm respCKdivcly. 

Tlie exeated state fi’equencics 409, 528, S5H, 1149, 1 324 and 1556 cm observed 
111 the second system probably correspond to the Uaman finipiencics 415, 533, 
863, 1153, 1386 and 1570 cm-^ respectively hi the ground state. The Itainaii 
frequemy 415 cm'’ agrees mdl with the ground state frequenc-y 417 ciu ob.served 
in the present investigation as >0 transition. No Hainan frequency corres- 
ponding to the iijipor slate fundamental 117 ciu"^ Avas reported; this, however, 
may correspond to the ground state treqiiency 190 cm~^ observed in the present 
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investigation as transition. There arc two moderately strong Raman lines 
1433 ciu“J and 1458 cm-i, but only one upper state fundaniontal 1419 em-i i» 
observed in the second system. 

(b) Spectra due to the liquid and solid stales. 

(i) Bands of the first system 

In the liquid state at 70®C, the 0, 0 band is at 30900 ciu-1 and its position 
is shifted tov^ards red by 351 cin-^ from that in the case of the vapour. Though 
the band with excited state vibrational frequency 1544 cm-i is still prominent, 
the bands with other vibrational fi-cqueneics seem to merge into a broad envelope. 
This is evidently due to the fluctuation of intermolecular held and consotpicnt 
broadening of the bands caused by thermal motion of molecuh'S in the liquid 
state. 

When the liquid is frozen at room temperature, the 0,0 band shifts further 
to 30941 cm~h The bands become sharper and those iiands at distarujes 096 cni”^, 
866 cni’^^, 1 064 ciu 1446 cm“^ and 1530 cm“i from the 0, 0 band are Well resolved. 

When tlie crystals are cooled to —ISO'^O, the bands become still sharper. 
The strong band at 31085 cm-^ can be easily recognised as the 0, 0 band of the 
system. The other bands are at distances 466 cm"\ 740 cm~^ 831 cm-^ 
1033 cm“^ 1407 cni"^ and 1519 cm“^ rcspectiv’^ely from the 0,0 band. 

On (jomparing the spectrum due to the crystals with that due to the substance 
in the vapour state some diffeienees arc observed. In the latter spectrum there 
is no sliarp rise in the strength of absorption beyond 32792 cm‘^ while in the for- 
mer spc^ctrum the absorption curve rises sharply beyond 32604 ciii'^. Moreover, 
the wave number difference between the bauds in the vapour phase do not agree 
with the corresponding differences in the spectrum due to crystals. A baud at 
a distance of 839 cm~^ from the 0, 0 band was observed in the spec tnim due to 
crystals at — 180°C, but no such frequency was observed in the vapoiu' phase or 
in the rigid ghiss solution (Ferguson, 1954). Thus it seems that this may be one 
of the eomponents of the 0, 0 band which is split up in the crystal field. The 
bands on the shorter wavelength side of the 0. 0 band in the case of the vapour 
are stronger than those due to the crystal at — 180'^C. In the spectrum due to 
crystals at — ISO^’C, there is a band at 32492 cm“^, which is at a distance of 
1407 cni“i from 0, 0 band. There is no corresponding band in the spectrum due 
to the vapour. Hence this band may be another component of the 0, 0 band. 
The analysis is made on this assumption. It may be pointed out here that in the 
spectrum of the crystal at 32“0 similar splitting is ob.served and therefore the 
phenomenon is not due to any strain m the crystal. 

(ii) Bands of the second system. 

In the liquid state only five broad envelopes arc observed in this system. 
On comparing this spectrum Avith that due to the substaiM;e in the gaseou-s state, 



308 


T, N. Mi&ra 


TABLE II 


Ultraviolet absorjition bandu of ^-chloronaplitlialene 



I Liquid at 70”C5 

Solid at 32“C 

Solid at 

--I80"a 


Wave Number 
uiirl 

lubensity 

ABHignmoiii 

Wave Number 
and 

IntuiiBiiv 

AHHigiiin('nt 

Wave Number 
and 

Inionmty 

Aflidignmont 

1 

30000 (b) 

0.0 

30941 (fl) 


31085 (vb) 

A. 

.31700 (vw) 

0 740 

31 037 (niw) 

A„ 1- 090 

31551 (vw) 

Ao + 400. 

5' 

1 

1^ 

.31984 (vw) 

0 + 1024 

31807 (m) 


31826 (m) 

Ao 4- 740 

32604 (h) 

0 1 1514 

32006 (m) 

Ao 4 1004 

31924 (h) 





32387 (mw) 

(’o 

32118 (h) 

Ao 4- 1033 




32471 (») 

Ao 1 1530 

32492 (mw) 

t'O 






32004 (b) 

Ao + 1519 


.34154 (m) 

0,0 

33024 (m) 

A„ 

33578 (h) 

Ao ' 


34650 (m) 

0 4- 402 

31034 (s) 

Ao 1 410 

339HH (k) 

Ao 4 410 

a 

a; 

35003 (in) 

0 1 849 

34108 (b) 


34002 (h) 

Ih 

35039 (fl) 

0 I- 1485 

34618 (in) 

H„ 1-410 

31472 (m) 

13o 1 410 

m' 

-tJ 

30478 (s) 

0 4- 819 

31979 (1)h) 


34881 (vfl) 


§ 


4 1485 

35034 (b) 

Ao 1 1410 

34991 (vfl) 

Ao 4- 1410 

CO 



35389 (s) 

Co 4- no 

35295 (b) 

Co 4- 410 


37108 (fl) 

0 1 2 X 
1485 

35518 (k) 

Lo 4 1410 

35472 (infl) 

Ilo j 1110 




30389 (in) 

C„ 4 1410 

30291 (h) 

Co 4- 1410 


it seome that the first envelope in the spcetriiui of the sul)slan(jo in the liquid state 
is duo to the broadening of the 0, 0 band and the overlapping of this band on 
the band with excited state frequency 400 in the vapour phase. Tims the 
edge of the first envelope at 34154 cni"^ seems to be the poiiition of the 0, 0 
band. Then the prominent excited state frequency 400 cm^^ in the vapour phase 
is in the first cnvolopc. The excited frequency 825 ciii“^ in the vapour phase 
may bo traced in the second eiiveloiie. The third strong band is at a distance of 
1485 cm"^ from the position of tlie 0, 0 band and this evidently is the mean of the 
two excited state frequencies 1419 cm“^ and 1556 cm-^^ m the gaseous state. 
The fourth envelope is a combination of the bands with upper state funda- 
mentals 849 cm“^ and 1485 cni'^, whereas the lughei' harmonic of 1485 eiix”^ 
may be identified with the fifth envelope. Thus the structure of the band 
system in the spectrum of the liquid may be attributed to the broadening of 
the bands duo to the fluctuation of the intermolecular hold and their conse- 
quent overlapping as discussed in the case of the first system. 
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' When the wbetance is Bolidified at room temperatoe, not only the hands 

bnt nlao the stmctm-e of tlie spectrum appears to differ considerably from tlmt 
due to the substance m the vapour plume. The 0, 0 band in the spectrum of the 
vapour seems ^ have been replaced by throe bands at 33624 cm-, 34108 cm-^ 
wid 34979 cm m the spectrum due to the crystal at the room temperature 
The othm bands can then be explained in terms of excited state frequeLos 410 
and 1410 cm-* as slrown in Table TI. It may be assumed that the 0, 0 band 
fh,e to free molecules „ the vapour phase Ims been split up by the influence of 
the fiold and the throe components of the 0. 0 band are shifted by 

518 cm-*, 1389 cm-* and 1873 cm-* respectively towards red from the position 



V 

Fig. 3. ]VIicroph6ioniotrlo records of ultraviolot absorption bands of j9.cliloro- 
I , napbtlialeao. (Second syatom) 

(a) liquid at 7q°C, (b) ^lidat-32°C, (c) solid at -ISOT. 
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of the 0, 0 band due to the substance in the gaseous state. The split compo- 
nents are denoted by Aq, and Cq in Table II. 

On further lowering the temperature of the crystals to — 180®C only some 
minor changes in the structure of the spectrum are observed. The bands become 
stronger and particularly Aq component of the 0, 0 band becomes sharper appre- 
ciably and the bands are slightly shifted towarrls red. The three components of 
the 0, 0 band are now .at 83578 cm"^, 34062 cm-^ and 34881 cni"^ respectively. 
The other bands can then be explained in terms of exciterl state frequencies 
410 cm“' and 1410 as in the case of the crystals at the room temperature. 
Ill the spectra due to the crystals at room temperature and also at — 180°C!, 
the Bq component of the 0,0 band and the b.and Ao-f-410 cni“^ (soalesce to form 
a broad band, the Cq componeni. of the 0, 0 band and the bands Bq f410 and 
Aq+ 1410 merge into one another to form a strong broad band. Similarly, the 
bands 0„ -1-410 and BqH- 1410 form a band of medium strength. It is also seen , 
that on cooling the crystals to — 1 80*^0, a further red shift of the components of ! 
the 0, 0 band by about 46 cm-^ takes place. \ 

It can be seen from the tables that the two systems of bands due to the crystals 
behave differently with change of temperature of the crystals. In the spectrum 
of the crystals at room temi)erature, the shift of the Aq component of tlie 0, 0 band 
of the first system towards red is 370 cm“* from the 0, 0 band of free molecules 
whereas in the case of the crystal at — 180'’C, the shift is t)nly 226 cni~^ in the 
s.ame direction. Thus, with the lowering of temperature of the crystals, the Aq 
component of the 0, 0 band in the latter case shows a bine shift of about 
144 cni“^ In the case of the second system of bands, the red shift of the ^1 q 
component in the spectrum of the crystals at room temperature Avith respect to 
the 0, 0 band of the vapour phase is as large as 1873 cm-i but the effect of 
cooling the crystals to - 180°(1 iwoduces a very small red shift of about 46 cm“^. 
Incidentally, it may be pointed out that in the rigid glass solution at — 180®C, 
the red shift of the 0, 0 band of the seirond system with respect to the band of 
the vapour is only about 240 cm-^(Ferguson, 1954) whereas in the case of the 
crystals at — ISO^C the shift is 1919 cni"^ for the Aq component. This shows 
that the interaction between molecules in the lattice plays a dominant role in 
determining the energy levels of molecules in the crystals. 

The crystals of /f~chloronaphthalene contains four molecules per unit 
cell (Neuhaus, 1939) and it belongs to the monoclinic system. Winston (1951) 
has put forward a theory of the splitting of electronic energy level in molecular 
crystals with nonpolar molecules. Fox and Schnepp (1955) applied the theory 
to find out the energy level in the crystals of benzene in whiih there are four mole- 
cules per unit coll. They found that each of the B^ and Bgy st-ates of the free 
molecule gives three allowed transitions polarised along the three axes of the crystal. 
The molecules of benzene are centrosymmetrical while those of /^-ohloronaphthalene 
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are not so and it has also a periuaiieiit dipole. Hence the theory mentioned 
above cannot be applied direct in the present case. 

In the case of naphthalene, the short axis transition should exhibit a Davydov 
splitting less than 15 cm~^ (Oraig and Walsh, 1956) and the long axis transition 
exhibits a splitting of 160 cin“^ (MeGliire, 1959). The calculated Davydov 
splitting for this transition duo to dipolc-ibpole interaction is less than 20 cin~^ 
(McClure, 1959). This disci epaney has been explaineil by McClure by suggesting 
that the interaction may be of octuiiole-octupole type in this case. Htiwcyer, 
the work of Broude et al. (1957) shows that the splitting is absent m strain free 
crystals. Hence it appears that in the case of absorption bands of the crystals 
with low oscillator strength Davydov's theory cannot be applied as pointed out 
by Sirkar (1961). The large splitting in the case of /y-chloronaphthalene probably 
indicates that the interaction between the transition moment ami the permanent 
dipole of the neighbouring molecules plays a dominant role in producing the split- 
ting of molecular energy levels in the crystal field (Sirkai, 1961). As the exact 
orientation of molecules of /^cliloronaphthalenc in the crystal lattice is not known, 
it was not possible to (udculate the magnitude of Davydov splitting in the present 
case, 
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MAXIMUM SUPERHEAT OF BINARY LIQUID MIXTURES 

A. K. JALALDBDIN and T), B. SINHA 

Dei’atitmmnt of AppiiiTin VhysK’s, Calcutta ITniveurity CoLLican; of 
Ticuhnolooy, Calcutta-^, India 
{ lierc'ived Ajml 2, HKi2) 

ABSTRACT. Miixiinuiu Hupi'rhunt tompornl-nro attainahlo by binaiy liquid niix- 
tAirwH at diffnmnt eoncnntrolions of flio foinpoiieulH luiH boon uxporinioutallv doioriuinod. 
Tho mixfcmxia otudiod woi-o ftiloroforin-oilianol, iiiothaiiol-oarbon. i,otin.cliloi‘ido, bonaoiio- 
ii-liropanol, bunzono-iHoprojianol, raibon dmiilphuJo-rlilorofoi’m, aoel oiio-i'lilorofoim, niet-hanol- 
boiizoiU! and oiipboii totruclilorido-bonzoiio. Tho cjlianRO in inaxiinum HuporhoBt with con- 
lionl-nifinii of tho iiiixturo Iiofi hoon shown gmjihicallv ami tho diffifultios of thooi-otii;allj| 
caloiiloting tho rnsnlts havo boon disrussod. i 

\ 

I N T R O T) XT C T T O n 

Tlie inaximiiin ioinperatiiro to ayIucIi n, liquid can be raised ai atmospheric ' 
pi’essure without giviiij? rise to ebullition may be calculated to a good degi*ec of 
approxiinatioii from the Van dor Waals equation of state. The equations for tho 
rate of homogeneous niuileationiu liquids deduced hy Volmer (1939), Df)ring(1937), 
Frenlvol (1946) and others on the basis of statistical mechanics are, however, more 
appropriate to ihe liquid state. The values of the limit of superheat for pure 
liquids obtained experimentally agree reasonably well Avith the predictions made 
from thes(^ equations. But no theoretical equation is available for cidoulat.ing 
tho limit of superheat of mixtures This is mainly due to the coni] ilexi ties of the 
intermolecular forces involved in such cases, as also due to the effect of solvation 
and association, van Laar's (1910) method of calculating the critical constants of 
mixtures from the corresponding Auilues of the pure (aimponents is of no avail, for 
the critical temperature of a mixture is oxporimcntally found to differ strongly 
from tlio value obtained for that concentration from the straight line joining the 
critical temperatures of the two components. A relation of the type of van Laar 
may, hoivever, be roughly applicable for simple mixtures having the critical 
temperature of the two components near each other. Theoretical dotoniiination 
of the superheat limits for mixtures is also not possible from the application of 
Volmer’s equation because of the deviation of the values of surface tension and 
boat of vapoi-isation for such mixtures from those obtainable -ft’om the theoretical 
additivity rule. In the case of the simple binary mixture, honzene-earbon tetra- 
chloride, the surface tension-concentration curve is practically a straight line 
(Belton, 1935) so is the mean curve for the maximum superlieat as found from 
the experimental results reported here- This seems to be in conformity With the 
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Volmer’s theory of nucloation according to which the M^ork function for the 
formation of a vapour bubble is to be largely influenced by the surface tension 
of the liquid. 

EXlMntlMMNTAX, METHOD 

Experiments on tlio direct determination of superheat always involve either 
a solid-liquid interface (Wisiner al., (102:1), or a lapiid-hquid inter: face 
(Wakeshima and Takata, 1058) which introduces a heterogeneity in the system. 
But it appears that such heterogeneity Jias but little effect on the results when 
the angle of contact at the interface is nearer to zero, llecently we dovisoil a method 
(Saha and Jalaliiddin, 1061) of measuring the superheat of stagnant liquid Aims at 
a degassed glass-liquid interface in the steady state of heat transfer. The biillc 
of the liipiid was maintained at the boiling point. The steady heat input to the 
heater vi'as gradually raised by steps and the tcinjici utiu e of the liquid layer at 
the outer surface of the bulb vas calculated from the steady temperature of 
mercury V'ith which the bulb was filled. 

Wince a system consisting of two miscible lupiids in equilibrium Muth 
the vapour lias two degrees of freedom the i-omposilion of the mixtuie lias 
to be kept constant by suitable control device so as to maintain the vapour pres- 
sure and consequently the boiling point of the mixture constant. 

In this method the bulk temperature ol the mixtine at dilferciit compositions 
was kept very near to tlie boding jioint Avith the help ol a jackettmg liquid. I'or 
this purpose auxiliary licatnig or cooling circuits were used according to necessity. 

The container was scaled with a rubber cork pjovided \Autli holes for admis- 
sion of the lieater tube, thermometer and condenser. Ic.e-cold Avater was circu- 
lated through the jacket of the condenser for recovery of the vapour issuing 
from the mixture. The lic|uid level m the container remained almost constant 
ilui'ing aiiv set ol experiments. All ineasiirciueiits with any particular binaiy 
niixtuj’e v'ere carried out keeping the same heating glass surface ahvays immersed 
ill the mixture in order to avoid the possibility of any change m the surface coiuli- 
tion of the lieater. The composition of the mixture was gradually cliaugod 
after each sot of experiments by slowly pouring either liquid through the reflex 
condenser during the nucleate boding of the inixtine. This helped a thorough 
mixing of the coinponcnts and degassing of the liquid drops. 

The maximum superheat temperature was generally found to be repioducible 
within 2 to In the steep portions of the curves a small variation in the 

composition of the mixt ure, lunvovcr, gave a larger i-lurngo in the luaxiniiim 
sujierheat temperature and this range was found to increase slightly . On the 
whole it. n as an improvement over the earlier resnlls (Sinha and .Talahiddin, 1061) 
and it was achieved through gi'oater refinements introduced in the stabdisation 
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of the current supply to tlie heater, and in tlie toiiiperature control device. The 
maximum superheat temporatui-e at different concentrations were obtained from 
a set of about ten runs for each. Tt should be noted, since a very thin intcrfacial 
layer of the liquid is superheated (bulk liquid remaining at the boiling point) in 
the present method, dust ])articlcs are not liltely to become active centres of 
nucloation. 


n K H U L T S 

Maximum superheat temperature, of eight binary liquid mixtures were 
measured at different concentrations, x, of the cfimjaments. These mixtures 
include cases of both positive and negative deviations from liaoult’s hiAv (azeot- 
ropes of both kinds) and of polar-polar, polai^-nonpolar aiul nonpolar-nonpolar 
components. These are respectively ethanol-chloroform, benzeiie-isopropanol, 
acetone- chloroform, methanol -carbon tetrachloride, benzene-a-propanol, cai bon 
disulphide-chloroform, and carbon tetrachloricle-benzene ami methanol-benzene. 
Of these mixturcss the familiar negative mixture of acetone- chloroform a, ml also 
methanol -benzene w ere found not to Avithstand supeibeat by more than 
at higher comnontration of the coniponoiits. The other result s have been shown 
grajdiically in the figure. The values of the maximum superheat of pure litpiids 
used hero are those obtained by us experimentally and rejiorted partially before 
(Sinha and Jalaluddin, 1961). They are, excepting the case of carbon tetra- 
chloride for which no other exiierimental value seems to have been reported in 
the literature, conqiai able to those of Wisnier et al. and of Wakeshinia and 
Takata. 


1) r s (j u s s I o N 

It is evident from the results that the sujierheat limit of a component .4 
docs not change appieciably at low concentrations of the other component B 
until the concentration of the latter reaches a value of about 20-i)0 molo%. For 
car bon tetruchlonde-benzeiie which is a non polar -nonpolar' mixture, the superheat 
vs concentration curve follows almost a linear relationship, i.c. the maximum 
superheat steadily aiiproaches the limiting value of cither of the pure components 
with the increase of the corresponding concentration. All the other curves deviate 
from this behaviour, The polar-nonpolar mixtures of methanol-carbon tetra- 
chloride and isopropanol- benzene for which the superheat limits of the components 
are widely different, show sharp changes in maximum superheat values in the 
concentration range of 25-50 mole % of either of the components, A similar 
pattern of bcliaviour is obtained in the case of the polar-polar mixture, ethanol- 
chloroform, tlie components having widely dd'ferent sit^erheat limits. The 
curves for the mixtures chloroform- carbon disulphide and bcnzeno-?i -propanol 
(polar-nonpolar) for whicli the maximum superheats of the components are almost 
equal are concave upwards. The pattern of behaviour remained unchanged in 
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the case of tlie azoutropio mixtures also (86 niole% chloroform^ 14 mole % 
ethanol, and 39.3 mole % isopi'opanol4*60.7 mole % benzene). 



Kjy. 1. Miiximuin ,sup(ii'lieat toinpui'rtiui'o a..s function ftiid (‘ompoHition (.t in 
mole %) of Hix binu-ry liquid iiuxtums. 

The acetone-chloroform and moUianol-honzene mixtures differ from the 
withers inveHtigated in not being able to withstand any .ipprociable superlioat. 
It may be noted in this eonneetion that the excess i'reo-enorgy, excess-heat and 
excess entropy for tlm former combination ol eomponents are all negative and 
the excess volume is also negative except lor mixtures weak in chloroform 
(Kowlinsou, 1959), 

From the exxiorimental rijsults it seems possible to distinguish a leiy mixtures 
which are able to withstand high superheat from those wJiich did not. It was 
5 
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possible iii most of the eases to ascertain qualitatively the nature of T,„—x 
curves, These curves resemble l\—x curves of some of the binary liquid sjrstems 
(Eowlinson, 1959). Much lower values of at higher x of the additives in the 
case of chloroform-acetone and methanol-benzene, though could not be confirmed 
to be due to any knoAvn thermodynamic function, might be supposed to be an in- 
dication of phase separation of the mixtures; the possibility of such behaviour 
in the case of methanol-benzene has been discussed by Starobinets et al. (1951)* 
The above study seems to have importance in coinfection with the heat transfei- 
properties of binary mixtures, and the characteriT^tics of bubble chambers using 
binary mixtures, and itlso for elucidation of the natui'e of the intermolecular 
forces and other physical properties of binary liquid mixtures. 
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ON CLASSIFICATION OF SWITCHING FUNCTIONS 
Part I 

A. K. CHOITDUTTKY and M. S. BASU 

IWHTITUTM op RaUIO RlirsiOfi ANO KLKt'TUONltS, 

ITnivehsitv op Oalcuitta 
[Ji^vcwpS Dccetnhe.r 20 , 1061 ) 

ABSTRACT. Tho goometiio.al Poncopi of rojmjsontaiion of swilohing fimptionfl an 
nbdoH of unit n-dimonfiional rnbo hna boon uiilifiotl for doveloping il^o nooosaaiy and. suflit'iont 
C’onditiojiH for two fuuoiiona j.o Itolopg lo tho same equivalonco rlaas. A sysfcomatin prot'odui-o 
for testing tho equivalonno botwoen tw'o given funotions lias boon pirsontod. A iiioibod of 
finding out tho oporations requij'od for transforming one function into another of tho same 
oquivalonco class has boon suggostod. 

1 . 1 N T R 0 D TT C T J () N 

Tt is a. well-known idea that the terms (i.o., mintenns) of any stvitching func- 
tion of w-variablos can be represented by the nodes of a unit r?--cube (Hamming, 
1950; IjOO, 1954, Svoboda, 1957 ; Urbano and Muollor, 1956). Tlie unit a-cubo is 
made up of (’.ells of different dimensions. A swilcliing function may be interpreted 
as a collootion of nodes of the unit i/.-ciibo. Any funf3tion and its complonient 
lias a certain geomot.ric.al structure depending on the no<les tliat go to form tho 
function. Tho <'ell structure of any function and also its complementary function 
remain invariant under all pi^rmiitation and priming of tlie variables. The 
above opei'ations are simply equivalent to re-numbering of the nodes. After 
identical pemutation and priming operations on the function and its comple- 
mentary function, the sum of the two functions must again be the same unit 
^j-cube. The permutation and priming of tho variables in general convert one 
function into other functions, keeping tlie structure (i.o., the geometrical disposi- 
tion of the different nodes that form the function) unchanged and this is true 
for the complementary function also, Tt follows therefore that switching func- 
tions of ?i-variablea can be classified into different classes - each class being 
composed of a number of functions out of the total number of functions of 
vi-variables. A function in any class can be transformed into any other member 
of the same class by suitable permutation and })riming of the variables. Each 
class is called an equivalence class. Various authors (Golomh, 1959; Slopian, 
1954; Troye, 1959) have suggested different methods for classification of switching 
functions. In this paper we shall derive the necessary and sufficient conditions 
for two given functions to belong to the same equivalence class. A method 
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for testing the equivalence between two given functions utilizing the above 
conditions will be presented. ]n the Part IT of the paper we shall present a 
motliocl of classifioatujn of functions of ?fc-variablos and methods of finding 
representative functions oJ’ ea(!h class will also be suggested. 

2, THE (nCLL S'rRITCTUKE OF A SW IT CHINO FUNCTION 

In an ^-variable function, there can be 2’’ different juinterms, coiTesponding 
to the 2’’ nodes of a unit ?i-cube In the collection of- 2” uiinterms, any imnterm 
is related by one change of variable to n other mintenns. This moans tliat <ior- 
responding to any node in the unit w-cMibe model there arc ‘‘n" nodes which are 
separated by unit distance. A unit a-cubo or any funcition containing a number 
of nodes thereof, is niado up of colls. The cells may bo of different dimensions 
such as : 

(a) 0-coll or a. node— a point. ij 

(li) 1-cell or a line segment composed to two nodes related by one change 
of variable ' 

_ (c) 2-coll or a quadrilateral coiiqiosed of 4 nodes and 4 lines segments. 
There will be two linos segments incident with each node. 

(d) ll-oell or a unit cube, comxiosed of S nodes ami 12 lines segments. There 
will be throe lines segments incident wdth each node. 

(e) A;-cell, composed of 2^' nodes, line segments and 1c lino segments 

incident with each node. 

li- can be shown that the total number of ^-cells in a unit ?7-cube is 
i.o. 2^'‘^'. The different cells are composed of certain numlior of nodes and a 
(sertain number of 1-colls, incident with each node. Wo define the '‘Weight” 
of any node as the total number of 1 -cells incident with that node. ]n other 
avoids, the v^eiglit of any term of a switching function is the number of other 
terms of the function Avdiich are related ]>y one change of variable with that parti- 
cular term. 

Por our i)ui’])oso of clas.sification of SAvitching functions, the hnowdedge about 
the cell struefure^ of a- linuitiou is important. By this w'-e mean the arrangement 
of the different nodes that rcjiTcscnt the difftjrent terms of the function and their 
interconnection among themselves If in any function iavo terms differ by two 
ehange.s of variables, tlien in ihe unit -H-cubc model, the coiTe,s])onding nodes will 
bo separated by distance Similarly if tAvo terms differ W '‘u” changes of 

variables, then tlie corresponding nodes in their geometrical rexiresentation will 
be \/u distance apari . We can call the total luimher of tei'ins of any function 
-whicli differ by 2, 3, 4 etc. variables from one particulai' term as the weights of 
the order 2, 3, 4, etc. Jospoctivoly of that to]m. For the purpose of gaining insight 
into the geometrical structure of any function, thes > weights are of very great 
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siguificaucc because they give au idea as to the relative distances betwciai the 
.different nodes of the unit v<-oubc which represent the terms of tJif' function. 
As an illustration, wo can consider the following 4-variable function 

7 ’== 5 ;( 0 , 1 , 2 , 4 ^ 5 , 6 ) 

The terms 0, 1 , 2, 4, 5, 0 have weights 3, 2, 2, 3, 2, 2 rtspectively. Tf we rea.iTgnge 
the te ms according to non-ascumding weights, the weights become 3, 3, 2, 2, 2. 2. 
This array of number is called the ‘‘weight distribution” ol th(‘ function. We 
shall write dowm the binary equivalents of th<‘ decimal numbers LH)rrespondmg 
to oacdi term of the function. Tlie array of numbers representing tlie binarv 
equivalent of the dccJinal numbers is the trananussion matrix of the fiiiictum. 
Tlie transmission matrix of the fimct.ion along with weights of the rlifforent 
orders of each terms is shoivn in Table I. 

TABLE ] 


rwi ra Xn Xi 

0 (I U 0 0 

4 (lino 

1 n 0 0 1 

2 0 U 1 . 0 

r> 0 1,01 

n 0 110 


VU 

n 2 0 0 1 

3 2 0 0 1 

2 2 10] 

2 2 10 1 

2 2 10 1 

2 2 10 1 


Tt will be scon that the terms are so arranged that the weights eomo in non- 
ascending order. The horizontal lino is draim to divide the terms into groups 
All the terms of any group have the same weiglit. Certain system is followed 
111 arranging tJie terms of the lower group. The first term of it (i o.. tiio term 1) 
differs hy one variable from the first tenn of the previous grouj). The next term 
is also similarly relaled to tlie first term of the previous group, 'rhon comes term 
5, whicih is related by one change of variable with tlie second term of the previous 
group and s j on. 

Then for each term, the ■\veighi-s of the order 2, 3, 4 are found out. and eniered 
in the columns marked w^, U’4. Tlie array of number 3 2 0 0 is called the 

‘'^distance vector” of the term 0. Similarly, the distance vector of the term 4 
is 3 2 0 0, that of the ferm 1 is 2 2 ] 0 and so on. 

In the last column named the weight distribution when the members 
of each ftroiip arc considered among themselves, is entered. 

A look at, the transmission matrix of the function will reveal that there are 
only O’s in one column This means that though it is a four variable function, 
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■the nodes of the nnii-4-cube wliich represent the terms of the function are em- 
bedded in a. tJn'ee diiiensional space. The dimension of the fun(5tion is thus 3. 
AVe would have made the same conclusion if there were only Ts in any column. 

For a description i)f the geomoti*ical structure of a function, wo should 
know the number of l-cells incident with each node of the function, the inter- 
connection betw^oen the 1 -cells and the relative distances between the different 
nodes of the function and also the dimension of the function, There fore, the 
stnuituro of a function is describorl by the following : 

(1) The weight distribution of the function, 

(2) The distance vector of each term of the function, 

(3) Dimension of the function, 

(4) The interconnection amongst the one cells and consequent formation 
of k cells in the body of the function. 

When those are known, we can luivo a full picture ef the function in our ?7.-dimeiij- 
sional unit fuibo model. The geometrical structure of the function f ^ S(0, l\ 
2, 4, 5, 0) is shown in Fig. 1. Each of the above mentioned four paramoiors\ 
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Pig 1 'Phi' fiiiirit/ion J = 2(0, I, 2, 4. 5 0). 

of any fiinc^tion will remain invariant under all permutation and priming opera- 
tions of the variables 

NFCESSABY AND SUP K1 Cl ENT CONDITION POR TWO 
01 YEN PirNCTIONS TO HEbONO TO SAKE 
EQUIVALENCE (! L A S S 

The distance vectors of the terms of a function give information regarding 
the total number of tei’iiis in the function related by certain changes of variables 
with respect to that jiartieular term. If the distance vector of a term in four 
variable function is ‘3 2 1 1’ this means that the total number of true states 
is eiglit and in the body of the function there are three othei' terms related by one 
change of variable, two other ter ms related hy two changes of variables, one term 
related by tliree changes of variables and one terra related by four changes of 
variables with rospoct to that particular term. Tf we compare the distance 
vectors of the terms of two given functions and find that corresponding to one 
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01 ' more of the diataHce vecstors of the terma in one l'uni‘iiun there m no Bueh 
terms with eorresponding distance vector in the other function, then it means 
that the relative separations of one or more of the toTins in one funciiou is 
different from those of the tonus in the other function. Hence the necessary 
condition : 

(1) If two functions belong to the same equivalejico class, then distance 
vectors t)f the terms in one function must have one to one coiTcspondencc witli 
the distance vectors of the terms in the other function. 

If there are two functions which satisfy the above necessary condition, 
wo choose two rows, one from each of the transmission matrices of the functions, 
such that the distance vectors of these row,s arj hientical. If the two matrices 
have rows Avith distinct distance vectors them these row^s should be (hosen. it 
may so happen that there is no row'^ with a distinct distance vector but tlieie arc 
gi'oups of terms having identical distance vec-tors. Tlien any teiun honi those 
groups can bo chosen provided that the matrices exhibit gj‘oup invariances such 
that any reordering between these terms having identical distance vectors is 
possible without' affecting the transmission matrix (Choiidhury and "Basu, 1962 ; 
M(fCluskey. 1956). We prime the columns of the transmission matrices whore 
“1” occurs in those row^s. After* priming w^c shall find that the tw'o matrices will 
contain eipial number of rows having Jv, Vs in the rows, where can have any 
value 0 to n inclusive. In order that the two functions may belong to the same 
equivalence class, it is necessary that if the distance vectors ol the rows related 
by iij, A'a, A'g ..., changes of variables wdth respect to the row having zero at 
all column positions in one matrix have values A, B, (\ ... respectively, then in 
tJie other matrix the distance vectors of the terms having Iv j, K,^, A., ... I's in 
the rows of the transmission matrix must have values A, B,C, ... resj^octively. 
Hence the necessary condition ; 

(2) If two functioiiH belong to the same equivalence class and if w^o choose 
two terms, one from each transmission matrix such that the distance vectors of 
those tenns arc identical and the terms correspond t.o each other, then wx> shall 
find that the kuiiis identically separated irom those t/ernis in the two inatvices 
will have identkal distance vectors. The correspondence of the two terms can 
be found as explained previously. 

(3) If we now' observe the tavo matrices columnwise and find that; there 
ave “55” columns having O’s at- all positions in one of the matrices then the other 
matrix must have identical number of columns w'llh O’s at all positions i.c., the 
dimensions of the body of the two functions must bo identical. 

In order to understand the other necessary corirlition, some discussions on 
the properties of dist/anco vectors wall bo heljifiil. 

Square of the distance between two terms having and I s in the binary 
representation of the tonus, can have values {KiArK 2 -‘-‘M) where “d ’ can have 
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any value between d^nin inclusive when > K.^ ami dfnin’— 

whoi’e n is the total number of variables of the function, It is to be noted tha-t in 
coniputing the pos.siblo relative distances of the term,s we shall only lake the posi- 
tive value, s of “c?”. If — K.^, d can have values, to (Jig— 1). It follows 
therefore that the distance between twti ternis can luive different values depending 
on the number of positions m which I’s coincide in the binary representation of 
the tei-ms i.e., on the value of “rf”. 

If both Kj^ and for the terms of a function with only two terms are even 
then the value of odd order weighls ol the two must bo zero and value of any 
of ihe even order weight will be “one” depending on the value of “d”. if 
is odd the value oj' even order weights mu.st be zero and value of any of the odd 
order weight will be ‘-ono” depending on the value of "'d". 

It foJlov's therefore that ni a function consisting of more than two true states 
Ihero jriust be terms having distances vectors in which value of any of the even 
order weight is other than zero, [f the distaiHie vectoi's of the terms of a function 
have zcroo.s at its odd order weighl. xiositions, then the maximum number of tnuA 
states m the function can be 2"~'. If we break mi a function into two grouijs ^ 
by collecting terms having oven number of I’s in their binary representation in ' 
one group and terms having odd number of I’s, in the other grouii, the distance 
vei‘tor of the ternis m the two groups will have zero .i,t the odd order weiglit iiosi- 
tions. 

In a function having odd number of true stale.s the distance vectors of two 
terms, one having even number of Ts and the other having odd number of I’s 
in its binary representation cannot be identical. Because if we xinmc the columns 
of the transmission matrix odd number of times, rows with oven iiiunber of 
I’s in the original matrix contain odd number oT Ts aftor jiriming. Therefore, 
if the distance vector of the two rows, one having odd and the other having even 
number of I’s are to bo identical, then ratio between row s coritaimng even number 
of I’s to rows containing odd niiinbor of I’s in their binary rexireseiitation must 
bo unity. But the distance vectors of two roAvs, one luiv in g odd and the otlier 
even number of I’s can be identical luovided the iiuiiiber of true states is even 
and ratio betAv^eon rows with even number of I’s to odd number I’s is unity. 
It is to be observed that in any function if there are terms having even number 
of I’s and Nq terms having odd number of i’s, then the ratio Ac/Aq remains 
invariiiiii under all permutation operation and becomes NJN^ lor odd number 
of priming ojicrations. 

From the above discussion it is obvious tluit a term of a matrix can deidve 
its weight of the order A by coiiibirnng with rows having different number of 
J’fi. 

While examining the two transmission mairioes, Avhich are found to satisfy 
the necessary conditions (1), (2) and (3), it may be observed that the weights oi 
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tlio different orders of one or more rows of one niatrix arc dorivod oouibiniiig 
with rows having different number of I’s when eonipared witli corresponding row 
or rows of the other niatrix. If they differ in this manner, it will be impossible t(j 
find a permutation operation wliich Avill imiivcrt one matrix to other: lionco the 
two functions cannot belong tt> the same oquiVcileii(>,o class. 

(4) Hence another necessary conditum for the iMpiivalence of the two 
ihnctioiis is tJiat the different order weights ni the divsiniKie vectors of ihc terms 
containing identical number of I’s in the two matrices, obtained after tesimg the 
second necessary condition, must bo derived by combining nith rows having 
identical number of J’s. This, in other words means that the total iiumbei’ of 
one colls present in the bofly of the two functions must be identical mid the 
interconnection of 1he onij colls must bo irlentical i.e., the total number k cells 
present in the body of the two functions must be same The weight dislribu- 
tion among members of the subgroups must also bo identical. 

A . fS Y S T JO lil A 1 ( ! J’ K 0 ( ! E D V K E K () K T JO 8 'I’ I Y ({ WIT jO 'I’ If 10 li 
T W U t’ inSM 1 f 1 () S B K LONG TO T I T E S A M E 
30 Q V \ \ A L E N V. E C h A H 8 

As a conseiiueiice of our previous statements, we can lonuulale a procedure 
for testing the equivalence between two given functions Tlie i/osting may bo 
done acc-ordiiig to the following steps. 

(1) F’or the tiW'o functions fo belong lo the same equivalence class, the 
uiuiilier of true stales m the functions must be identical. Hence, cheek if the 
numlier of terms in the two given functions a-re idonHcal. If not, they cannot 
belong to the same equivalence^ class. 

(2) Eind out the ratio lunctioiis. denotes 

the number of tonus coiitaiiiiug even number of Ts and denotes the number of 
terms containnig odd number of I’s iii the bniaiy reiirosentations. The ratio 
should be either same fur the two functions or one should be the inverse of the 
other, [f this i-ondition is not satisfied, tlie functions caiiaot belong to the same 
equivalence class. 

(3) The (limensioiis of the body ot the two functions must be identical for 
the equivalence of the two funcLioiis, Hence test whether tlie diiuonsioiis of 
the boily of the two functions are iileiitical or not If the dmnMisioiis are dilferont, 
the two functions cannot belong to the same equivalence class. 

(ly For the two functions to belong to the same eiiuivalence class, M^eight 
distributions of tlie two functions must he identical. Hence test whether the 
weight distributions of the lavo functions arc identical or not, 

(5) If the two functions satisfy all the conditions up to the step (4). then, 
arrange the terms in order of jioii-aseeuding weights. Draw horizontal lines 
to divide the functions into groups of tonus having equal weights. Find out 

6 
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the weight distribution of the terms of each group considered amongst them- 
selves. For the two functions to lielong to the same equivalence class the weight 
distribution of the cori'esponding gmups must bo identical. 

(6) If all the cionditions up to step (5) are satisfied tlien fintl out the distance 
vector of each term in the two matrices. If corresponding to the distance vectors 
of one or more terms in one matrix there is no term having identical distance 
vector in the other matrix, then the two functions must belong to different equi- 
valence classes. 

(7) If all the conditions up to steps (6) are satisfied, then we must test to 
see if the weights of different ordei^s in the distaniie vectoi of each term have 
been properly derived For this ive diooso one i erin from each of the two matrices 
vhicli satisfy the conditions stated in section 3 regai'ding the correspondence of 
the terms and prime the columns whore I occurs in those rows. If now we find 
that the dilforont order weights of all the terms luive been derived IVom rows 
having identical iiumboi’ of I’s in the two matrices, IJion the two functions mui^t 
belong to the same equivalence class. can draw ilic same conclusion if wo fiml 
that the two functions satisfy the conditions up to (0) and the functions contain 
identical 4:-colls incident with corresponding terms in the body of the two\ 
functions. 

Exftmple : 

To tost whether the following two given functions belong to tlie same equi- 
valence class or not. 

Ti ^ 2:(0, 1,2.5. 14, 15) 

>1(0, 1,2, 12, 13, 15) 

In Table 11(a) and (b) the ti’ansmission matrices of the runctioiis along with the 
distance vectors are given. 


TABLE II 

(rd (ft) 


x’,j .(;;i a;:- x’j Wa '*^4 

0 0 0 0 0 2 1 I J I 

1 0 0 0 1 2 I J I 1 

20010 122 0 0 
.1 0 1 0 1 1 2 2 0 0 

14 1 1 1 0 112 11 

1 ;1 1 1 I 1 112 11 


•<’4 a' I wi w> n/'j W\ tVs 

0 0 0 0 0 2 11 1 0 
J :$ 1 1 0 1 2 1110 

1 0 0 0 1 1 2 2 0 0 

2 0 0 1 0 1 1 2 1 0 

12 1 1 0 0 _ 1 2 2 0 0 

1 .1 1 1 1 I 112 10 


An inspection of the above tables will reveal that the two functions satisfy tlio 
conditions mentioned under steps (I) to (4) but they diffei' in tlie weight distri- 
bution among the members of the groups. So thoy cannot belong to the same 
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equivalence class. Another interosting example is presented in Table ITT in 
W'hicli (a) and (b) give the transmission matrices of the functions 

r, - S (0, 1, 2, 3, 12, 13, ] 4, 15) and 
S(0, 1,2, 5, 10, 13, 14, 15). 

TABLE ITT 


(«) [h) 




'^3 

fKa 


VH 





3-4 



n’i 

V>i 


lil;, 

1/14 

0 

0 

0 

0 

u 

2 

2 

2 

1 

0 


0 

0 

0 

0 

2 

2 

2 

1 

1 

0 

0 

0 

] 

2 


2 

1 

1 


0 

0 

0 

1 

2 

2 

2 

1 

2 

0 

0 

1 

0 

2 

.2 

2 

1 

2 


0 

0 

1 

0 

2 

o 

2 

1 

3 

0 

0 

1 

1 

2 

2 

2 

J 

.5 


0 

1 

0 

1 

2 

2 

2 

1 

12 

1 

1 

0 

0 

2 

2 

2 

1 

10 


1 

0 

1 

0 

2 

2 

2 

1 

13 

1 

1 

0 

1 

2 

2 

2 

1 

13 


1 

1 

0 

1 

2 

2 

2 


11 

1 

1 

1 

0 

2 

2 

2 

1 

11 


I 

1 

1 

0 

2 

2 

2 

1 

15 

1 

1 


1 

2 

2 

2 

1 

1.5 


1 

1 

1 

1 

2 

2 

2 

1 


Tt is found tluit tlie w(Mght distribution and the distance vectors are identical 
for the two functions and as th(‘ weights of all the terms are identical, apparently 
there is no indication that the functions can b(5 broken up into groups of terms. 
If we attempt to a,rrangti the terms in smdx a. way so that any term is related by 
one change of vari.ible t-o a. term previous to it, it is found that this can bo done 
ill the case of function i'g but not for the function ' 1 \ Tn the latter case the terms 
0, 1, 2, 3 form a distinct group in the sense that none of the other torjiis coming 
after them is related by one ishange of variable with any one of the group. The 
two functions thus differ in their cell striicturos and as such cannot belong to the 
same equivalence class Tlio same cojiclusion can be drawn if wo try to find 
out how the differenti order weights of the teiins in two matrices have been 
obtained. Tt will be soon that, m the matrix (a), a row with two I’s has dorivod 
its weight of the order one by combining vdtli two row's having one Vs in their 
binary representation, whereas in the transmission Matrix {h), a row having two 
Ts has derived its w^eight of the order one hy combining w'ith one row having 
one 1 and another row having three I’s 

M E T H () T> V on F I N 13 1 N CJ O P K K A T T O N S R E Q U T H E D T 0 
TRANSFORM ONE FUNCTION INTO OTHER BELONCtING 
T O T H E SAME E Q U I V A L E N C E G 3. A S S 

Tlie distance vectors of the terms remain invariant nnfler all priming and 
permutation operations. This fact can bo utilised for finding operations required 
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to transform one funeiion into any other fimction belonging to thoe sain equi- 
valence class, it is obvious that the solution in majority of cases is not unique. 
There may bo many rlifferent ways of transforming one function into the other 
function (lej)eruling on the nature of group invariance oxhibiterl by th<lHunction. 

When the transmission matriee\s of the two functions are aiTangefl in non- 
asceiirlmg weights and distance vectors are all written and terms are jifoporly 
divided into groups and ai ranged as explained in .Section 2, it becomes compara- 
tively simple matter to find out the specific ojicrations which will ti’ansform one 
function int o the othei'. The arrangcmoiit, of the two matjaces more or loss reveals 
the coiTesiJoiKlonc,e bet.wocn tlie terms, i.e , which term of the function in one 
matrix lias been <!onverted to ji term in the other matrix. The simplest case occurs 
Avhen only one term in each of the two liimitions has a distance vcijior distinct 
from those of the romahiing terms. In such a case it is at onc(^ obvious that 
the particular term in one matrix has been iraiisformed to the other term in the 
other matrix. If we compate the distance vectors of tlu^ terms in one matriii 
with those of the terms in iho other matrix and find that the terms having identical 
distance vectors in the two matrices have identical number of I’s m tlioir rows, 
then one matrix can lie ii‘a.nsforino<l into the other by permutation operation. 
The riiqinred porniutation ojK’iiations will bo those which will transform the ionn 
with distinct, distance vec tor of one matrix to the similar term in the other matrix. 
If the functions do not satisfy the above coiulifions then as a first step wo must 
find certain jiriming operations whicli make tlie number of I’s in different rows 
of the two transmission matrices having eorres])onding distanci^ vectors identical. 
If the ratio for the two matruics ari^ respectively and then 

total number of priming operations for making the number of I's in ther i tiws of 
the two matrices identical will be odd. Tf ratio Ng /xV„ yL A^„) is same for the 
two matriies it^ will require even number of priming operations. The partundar 
columns ijiat have to bo jirimod can bo chosen relatively easily by observing 
one fact that when one matrix is to be transformed to the othei* matrix, then 
after priming the two raatriijes must have columns such that ratio of O’s and I’s 
of the columns have one to one correspondence. Tn the next step the columns 
are to be suifcabl^’^ periiiufi^d to convert one function into the other, lloquired 
permutation can be very easily found by locating the particular term to which 
w^e have to transform tlie chosen term 

If there hapjions to be no lerm having a distinct rlistance vecf.or but there 
are grouiis of terms having identical distance vectors then any one term of one 
function in a group may bo conviu'tod to any term of the second function in the 
same group provided the functions exhiliit such group invariance llial any 
reordering between those terms is possible wdthnut affecting the transmission 
matrix. Rest of the procedure w'lll he same as stated in connection with tlio 
functions having forms wdth disiiiiot distance vector, Wo wall illustrate the 
method by the following example, 
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Find the operations whicii will transform Iho finu'tion 

= 2:(4, 6, 7, 8, !), 11, J2, 15) in the function 
S (1,2, 3,5,6, 12,13, U). 

The transmission matrices along w’ltli the distance vectors of the tw'o func- 
tions are given in tlie Table lV(a) and (b). 

TABLF TV 
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Tn the last columns are WTitten the number of I’a in the different row^s anrl the last 
row's give the ratio of I's and O’s of different columns. All terms of the matrices 
have weight 2. The terms have been arranged according to the procedure suggested 
in Section 2. It will be observed that in the matri.x. for the function 1\ there is 
no column luiving ratios of I ’s and O’s 3/5, hence in transforming matrix to T<^ 
one of those columns having ratio 5/3 must bo primed. It will bo observed that 
in the two matcices there are six terms having distance vector (2 2 2 1) and two 
t erms having distance vector (2 3 2 0). Since the grouj) of tonus having distaiitie 
vector (2 3 2 0) is smaller w^e will concentrate our attention to this particular 
group, ft w ill be seen that in the tw^o matrices it is possible to reorder boLw^eon 
the terms having distance vector (2 3 2 0) without- affeiding the transmission 
matrix. Hence in transforming to w^e can transform either of the tenns 
12 or 1 5 in to 5 or 6 in '1\. Since the number of 1 ’s in the I'ows having distance 
vector (2 3 2 0) is 2 in one matrix, and 2 and 4 in the other matrix, hence the 
minimum number of priming operations I'equirod is twm. Tn priming the columns, 
we must choose one column from the group x^) and another column from 
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proup (.rg, .r^). Jf wo ohooHo (jolxDun of tho transmission matrix: T’j then the 
other column that can be primed keeping the nuniboi’ of I’s in the rows having 
distsimse vector (2 2 2 1) identical to that of the rows m matrix T 2 is Xj. Tho 
Table V sJiows the matrix Tj after the columns .r-j and have boon j)rimed. 

TABLE V 



3 ;.^ 


a-1 

0 

0 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

u 

1 
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0 
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1 

0 

1 

(I 

1 

1 

0 

0 

1 

1 

I 

0 


The cohiinnH x^ and x^ are permuted aft-or priming to Ira.nsform matrix to I'q. 
This operation will transform 12 in tho matrix 7\ to 5 in matrix Tg. Mternativoly 
v^e can ti-ansform 12 to 6 by a. simultaneously permuting columns :r j, .r^ and 
Xj^, a'a after abo\'o priming operation. 

The martix can he transformed to the matrix by priming the columns 
X 4 aiifl a'g. Tt may be noted that this operation transforms 15 to 5 and 1 2 to b. 

e. (JONCLUS I ON 

The gofumdiical concept of a switching function is utilised for developing 
tho necessary and suflicient conditions for two functions to belong to the same 
equivalence chiss. The procedure suggested tor testing the equivalence betAveen 
two functions is valid for any number of variables and presents no difficulty 
when the number of variables is large. The task of linding the distance vectors 
of the terms can bo simplified by the use of suitable charts uhich can also bo 
mechanised. The distance vectors, which remain invariant for all permutation 
and priming o])erations give an unmistakable stamj) to each term of a function 
so that th(‘y can be recognised under all transformed conditions of tho function. 

7 AOKNO WLl^nMtMENT 

The authors wish to express their indebtedness to Professor J. N. Bhar, 
L.tSc., F.N.I., for guidance and keen interest in the work. 

8 EE EE BE NOES 

Caldwell, S. H., 19 ;jH, Switcjhmg Circuits and Logical Dosign, John Wiloy and *SonH, 
Now York. 



Classification of Switching Fvnctions 


329 


ChoLullviiryj A. K. aud Hasu, M S., “On Detecliau of (honp Inoanunw or 'I'otal - 
tmiU tj of n Boohuti Function”, U)(V2^ Ind J. Phiji, 86, lU, 

Ooloiivb, S. W., I05U, IJi K. TmiifioHionti on (hmut 1‘hftinj, Vol OT -fi, Sj>o(jal Suiiplo 
inoTit, ]VCn3’ 176-lH(i 

irarniiiin^, K. W., 1!)50, Hell Bi/nfcni Tpch Jour,, 29, JrlO 

Koliii, K K., lIMiO, AijplmH Bouloaii Algobm— An EloiiUMiluiy 1 til vmUic lion, Tlio 
MtuMinllaii & Coinjuiny, !Nnw Yoik 

ICuinjihroy, W, S., -Jr , iur>8, iSwitehuig 'Oii'iinlfi with Coniputm AppliL'utinjis, (hiiw- 
KiJl Book Company 

Loo, 0. Y., 1954, 7Vr<a,s. JJ EJC., Bail- I, 289-291. 

MoinoHkey, C .1 , .li,, I95(i, HcU SifNfcnt. Jour., 35, 1445, 

Slopian, 1.) , 1954, Ounudnin Journal of MntkrnutHc.\, 5, No 2, p 185-199, 

Svolioda, A , 1957, Vi'ocoodingH of an Inloj'iial lonal iSympoHiiim nu Uio M'liooj v ol Sa ih h- 
ing, 2 5 April, 1957. Bart 1, Harvaril TTiiivor,sil j ProhK, Canila'ulgo, JVtawKu- 
rhiiaotls, 1959 

“Syjithosis of Elofironic (Joiiiptiting and (‘ontrol I'li'ouits” by aitdf ol llic (*onipuial mn 
Laboratory, Ifai vtud Univmsiiy, Biohh, (kiiiibridgo, Hassaohiist'lts. 1951. 

'I’royo, K. C, do. 1959, J^hillips licaetdch Beporl 14. 

Urbatio, Tv. H, and Muolloi, K. K, 195(), £.lt E Tnins on Elciimnic Coin)>nicr EC-5, 
Soptojiibor. 



33 

INTERNAL FRICTION IN AU-NI ALLOY 

M. A, QCJADEK* 

TnOTAN As,S()('JAT]()N KOH Till! (UiLTlV <\TK)N OF Hc'IENlU!, OalCUTTA-SS 

[Jivie'md Ji'rbruar}/ aJ, l^Cf^uhmtUvd Mavcli :J'l, U)U3) 

ABSTRACT. Tlio iiiloinnl (rift.ioii in Au-74 n.t. % Ni alloy is Btudiixl liy tlin UusioiuU 
jioiidiilum. A luinmonl, mieiMiul fnrfcion |)oak ih obtniiiod at I20‘(^ whii-li movofi towards 
lowor tam]>eratur('s ai, sui‘(>(\ssjvii luonHuronionts until it diHappoaiH. Also Ilia poak ih not 
i'0]ii‘U(liic-il>lo liy gl^'lnf^ iflontuail Jioat tioutiiiont, Tho origin ul tlu' intornaJ lijotioii jioak 
i« not know'll liuiii tlio jiioaont luousuioinontH 

I NTR()]JUOT J ON 

iveceiit stiidieH of tho ju'ociiiitation phorioiuona in tlio gokl-nickel alloys liuvjt) 
acUU’d MoTiic (iomjiloxitics in the early stage of procijiitatioii. 'fhe first of these 
IS tile intei'iial fiiction sliidy of these alloys by Aiig el. a1 (1955), Tavo unstable 
internal Irir.tioii peaks A\ere observed in alloys quenched Irtiiii solution treated); 
temperatures, such as for the 110 at.% Ni alloy tho peaks occurred at :25()''C and \ 
40()"CJ at 1 cps. The 400'^^C peak was identified as the Zener fieak and was found 
to disappear slo\\'lv on ageing with the kinetics of (he phase separation. But 
the 250"'(1 peak was found to bo dopeiidont on the quenching teniporature and 
absent in s])eciruens quenched from just below the solubility temperature. Atso 
this peak annealed out much mor(^ rajudly than the -lOO' O peak and disappeared 
comiiletely lielbre re^sistivity measurements and luicroscojiic examination could 
reveal the star! of ])recijntation. No explanation lor fhe origin of this'traiisient 
internal iriction ])oak was advancorl. 

More rceeiitly iSivertsen and Wert (1959) Jiavo studied tho changes of resisti- 
vity, volume and \k)ung's modulus during low temperature annealing of the 
quenched 90 at. % Ni alloy. They observed a transient resistivity changes in 
tho early parts of agoing which w'as .suiiposed to be due to eithei' I'earrangement 
of valiancies retained upon (juenchiiig or some clustering of atoms. The^^ also 
indicated tliat th(^ observed eflects might lie due to the formation of at least one 
metastable phase which is nristable abov^ 225''(b 

The studios of the low angle scattering of X-rays in Au-Ni alloys by Flin 
at (U (1953) have shown an unusual short range ordering m the alloys quenched 
from temperatures above the miscibility gap. Also the thermodyiiamio studios 
by iSiegle et al (1952) have revealed positive enthalpies of mixing for the Au-Ni 
alloys. These rosuH-s show that the gold-nickel solid solutions do not fit the 

* PjUKOUt arldross : NiiMonnl Muiallurgicul Laboriikiry, .laiushn(Jpuj-7, Iiiiiiii. 
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usual quasi-cjiemical theories in which the entire heat of mixing is an electro- 
chemical bonding between nearest neighbours. 

The present paper is ooncei'ned with an experimental investigation of the 
inteiml friction in the gold- 74 at. % nickel alloy. According to Ang et al (1955) 
the low temperature transient internal friction peak is absent in alloys of composi- 
tions around 75 at. % Ni. The diffusion measurements of Raynolds et ul (1957). 
have shown that the interdiffusion coefficient and the thermodynamic factor 
are minimum for the 80 at. % Ni alloy and also the activation onoi'gy for diffusion 
is abnormally high. 

EXPiaHTMlffiNT AL PROCEDURE AND RESULTS 

The 74 at. % Ni ahoy was obtained from Baker & Co., Tnc., CJ.S.A., in the form 
of a wire of 1 mm. diameter. The alloy specimen was sealed in evacuated pyrex 
tube and annealed at 650^0 (a temperature within the miscibility gap) for 2 hours 
and water quenched. Internal friction measurements were obtained m the 
torsional pendulum (Quadcr, 1961) at a frequency of 1 cps, during heating and 
cooling. Also several runs of measurements were obtained during successive 
heatings without giving any further heat treatments except the heatings during 
measurements. The results are shown in Pig. 1 {a and b). At the first 
heating the interna] friction went through a very weak and flat maximum at 
about 120°0, and above 390"C it increased rapidly without reaching to any other 
maximum at least up to 5()0®C. These are shown by curve A in Pig. la. 

However, during <!ooling from 500°C (curve B, Fig. la) the internal friction 
was lower and also the 120°0 peak did not appear. The oinvo A in Pig. lb 
is a, replot of curve A of Pig. la and shows clearly the 120°0 peak while curves 
B, C and T) represent the internal friction obtained at sucoessivo runs. It is 
clear from the' curves that the internal friction was reduced to a large extent and 
also the peak appeared at 62° C and 57°0 at the second and third runs respectively. 
However, in the foiu'th run (curve D) the peak was eliminated comi>letoly while 
the background increased slightly. 

The alloy specimen was again quenched from 650° C and measurements wore 
obtained at a frequency of 3.1 cps. The results for two successive runs are shown 
by curves E and P in Pig. lb. At the fn*st heating the room temperature mternal 
friction was high and decreased slovdy Avith temperature, but in the 2nd run the 
room temperature internal friction was low and also the weak maximum appeared 
at 55°C (curve P). In the third run (not sliown in the figure) again the 
maximum disappeared while the background increased slightly. Those results 
showed that the internal friction in this alloy was not reproducible by quench- 
ing from the same temperature and it may have some relations with the 
previous cold workings done to the specimen. 

The specimen was then annealed at 900°C (which is above the solid solubility 
temperatm'e) for 30 min and quenched in cold water. The internal frictions 
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measured at a frequency of 1.7 cps during heating are idiomi in cui-veH G and H 
in Fig. lb. In the freshly quenched apecinien the internal friction was very low 
(see curve G) and practically remained constant up to 300"C, In the second 
heating the int/ernal friction was again high at room temperature and decreased 
rapidly with the rise of temperature (Curve H) showing the probability of a peak 
at about the room temperature, No further mejisuremont could bo made as 
the specimen was damaged in the subsequent heat treatment operation. 

Since the internal friction peak is not reproducible aufl also apparently it 
does not shift with the frequency of measurements, the activation energy for 
the relaxation process could not be calculated. Also from the present results 
the origin of the internal friction peak could not bo ascertained deftnitely. How- 
ever, it may bo either due to the rearrangement of vacancies upon quenching or 
duo to the clustering of atoms forming a metastable phase as cencliirlod by Sivertsen 
and Wert (1959) from the resistivity measurements, Although no oaloiilations 
could be made from the present measurements yet they provide a striking example 
of groat sensitivity of the internal friction effects accompanying atomic movements 
in the early stages of precipitation in procipitothig alloys. 
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CONSTRUCTION AND WORKING PRINCIPLES OF THE 
BANERJEE CAMERA FOR STUDYING SMALL ANGLE 
SCATTERING OF X-RAYS 

G. B. MITRA AND J. C. MAITKA 

Department op Physics, Indian Institute op TECHNOLoay, Kharagpuu 
[Btc&imd January 22, 1962) 

ABSTRACT. Actual construction of a camora for studying snaitoring of X-iuys at 
extremely Biiiall angles utiliBing tho pi'jnciplos due to Banerj 06 and Maitra (1951) has boon 
described. An exprossiou for the intonaity of X-rays scattered at low angles in terms of 
observable has been derived. Corrections to bo applied for obtaining tho intensity of scattered 
radiations havo boon discussed. Distribution of intensity of X-rays scattorod at low angles 
with angle for cold worked copper and aluminium as obtained by this apparatus has bean 
compared with that obtained by conventional methods. 

INTRODUCTION 

It is well known iliat recording of small angle scattering ot X-rays is fraught 
WTili severe technical difficulties. On the other hand, ever since the pioneering 
work of Ouinier (1939), small angle scattering of X-rays has been acquiring in- 
creasing importance in various fields of study in Physics, Metallurgy, Chemistry, 
Biology and Biochemistry. Hence any attempt at simplifying the technique 
and at rendering recording of X-ray scattering at low' angles practicable is worth 
tjic while. A novel method of studying extremely low angle soattoring of X-rays 
has been described by Bauer jeo and Maitra (1951) which, while using an single 
crystal monochromator, has got tho advantages of a double crystal device and 
IS capable of measuring scattering of X-rays at angles as small as one minute 
of arc. So far, however, no work has been done with this arrangement. The 
puT'poso of the present paper is to explore the possibilities of undertaking investi- 
gations on scattering of X-rays at low angles with the help of an apparatus of the 
above typo. An actual apparatus has been described and an expression for the 
intensity of the scattered radiation in terms of the observables obtained, 
Pinally corrections for the observed intensities have been discussed and intensity 
of X-rays scattered at extremely low angles by cold worked copper and aluminium 
has been studied. 

GENERAL DESCRIPTION 0¥ THE APPARATUS 

A general description of the arrangements is shown in Fig. 1. The (100) 
plane of a calcito crystal (H^) is used for the Bragg reflection. The crystal holder 

■"Proseni address: Defencu Rosetirch and Development Laboratory, Motoalfo House, 
Delhi-0. 
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(A 2 ) is so designed that the crystal is capable of being moved bodiJy in a lateral 
direction with a screw arrangement (^ 3 ). This crystal holder is fixed on a gonio- 



Fig. 1 . 


meter head which is fixed axially in the spectrometoj* by means of a rod (A^). 
this rod is fixed to the goniometer head .by a screw (^g), the goniometer head i^ 
capable of being bodily removed. The height of the crystal system can also be, 
adjusted by the screw (^(.). This crystal holding system is capable of translational 
and lateral movements to a uniform extent by rack and pinion arrangement by 
operating with a hexagonal head for which suitable pins are provided {A^, A^. 
The inclination of crystal face can also be ad justed about vertical and hori/.ontal 
axes to an order of 30“ by a similar rack and pinion arraiigeaiient which can be 
operated by the same hexagonal head at suitable pins (A^, A^^). 

The slit system (umsisis of three identical slits. All the three slits ate capable 
of translational movement on the leve arrangement {Bj). This lever has a groove 
(JSg) through its length for facilitation of fixing the slits at any desired distances 
the slit is capable of adjustment by a screw airangeinent {B^). The slit is also 
capable of being adjusted at any desired height by means of the screw The 

slit can be rotated about a vertical axis and fixed at any angle by the fixing screw 
(B^). In order to provide freedom of fine adjustment in a lateral dii*ection, a 
small horizontal slot is provided through which the fixing screw {B^) is jn'ovided. 
Thus it will be seen that all freedoms of movement have been pi’ovided in the 
design of each slit. 

The film holder ((7i) is set at right angles to the lever ((7a) on which it is 
fixed. The film holder can be moved through suitable distances along the groove 
of the lever and, can be fixed at any distance by means of the stud and the fixing 
screw ((7.j). By moans of fixing arrangement at the back of the film holder, it is 
capable of being unloaded and loaded with film without disturbing its fixed posi- 
tion on the lever. This also allows a small amount of fre(>dom of angular move- 
ment of the fihn about a horizontal and with respect to the film holder. A suj)- 
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port to the lover (Cj) is also provided. The crystal holding system, the lever 
arrangement (Bj) on which the slit system, is fixed, and the lover (C^) on which the 
film holder is fixed is capable of rotation about the central axis of rotation (D^), 
The crystal holding system can be fixed to the disc (D^) by the fixing screw (A,,). 
This dis(; and consequently the angular orientation of the crystal with respect to 
the incident beam can be fixed at any angular poi^ition by means of the screw 
(D3). Once fixed, fine angular adjustments can be done by the screw (D^). The 
lever (Cg) on which the film holder is fixed can be clamped to the disc (Dg) by means 
of the screw (I)„). After clamping, fine angular adjustments of the film holder, 
if necessary, can be done by the screw (D,). The disc (Dj) is graduated from whicli 
the. angular positions of the crystals and film holder can be found by means of the 
verniers (Bg). The entu'e system can bo bodily adjusted at suitable inclination 
by moans of the three levelling screws (D^). To (diminate air S(!attering, 
the whole apparatus is fitted in an evacuated enclosure. 

A suitable arrangement for the use of a photomultiplier or a geiger counter 
in place of the film holder is sho^vn in Fig. 2. The photomultiplier tube can be 

Holder for photonmltiphor or Goigor oouiiter 



13 , 

Fig. 2. 

fixed on the base (E^). The height of the base is however adjustable by up and 
down movement through a system of slots and can befi xed by the screw (Eg). 
The distance from the reflecting crystal can be adjusted as in the case of the 
photographic filmholdor on the lever (Og) and can be fixed by means of a stud. 
The photomultiplier tube will of course require a suitable material for excita- 
tion of fluorescence by the X-rays and application of the requisite voltage on its 
dynodes. The region from which the scattered X-rays enter the photomultiplier 
tube can be limited to the desired minimum extent by means of a suitable 
window in front of the tube. The same arrangement will be of use when a 
Geiger counter is used, 

DERIVATION OF ANEXPRESSION FOB THE 
INTENSITY 

The polychromatic beam of X-rays from the X-ray tube is incident on the 
slit 8 (Fig. 3). The oaloite crystal PQ is so oriented that the direct beam 8C and 
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the scattered characteristic beam SB -satisfy the relations 2d sin 6^^ — 2d 
sin 0JJ — Aj where A/;, Ajj are their respective wavelengths and 6j^, 6jj, are their 
angles of reflection. 



If, ill the absence of the sample, there is any characteristic radiation in the 
direction BD, then there will be a reflection in the direction BD. iSiniilarly, 
components of the incident radiation ol wavelength A^^ will be reflected along CE, 
On a film ED two images of the slit for the two wavelengths (A^ and A^) will 
bo recorded. 

By changing the inclination of the crystal face PQ with respect to the 
direiit beam SO, the angle of scattering for the characteristic radiation is changed 
since 


- 'I'b = 0 

Various wavelengths A^^ are, however, brought into play by this process. The 
relative intensities of these radiations are determined by the intonsit^^ distribution 
of the spectra emitted by the target of the X-ray tube and by its voltage- current 
characteristics. 

Let /o(Aj^) bo the intensity of the characteristic radiation and /o(A 2 ;) = KIq{Xj^) 
be that of the general radiation of wavelength AJ satisfying Bragg reflection condi- 
tion for the angle K being a constant for this. Let a be the fraction of the 
intensity of the instrumental scattering of the characteristic radiation in the 
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direction SB i.e., a direction making an angle 0 witli the direct beam SC, oi will 
clearly be a function of 0. The intensity of the characteristic radiation along SB 
will then be in the absence of the sample. Distances SB and SC can be 

taken for all purpose to be same. 

The intensities received at E and D will then be given respectively by 

ho = . . . (1 ) 

and -fao ^ ■f’/ ... (2) 


whore //(i/'x), Angle factors including absorption, Lorentz and polari- 

sation factors for the general radiation and respec- 
tively. 

j is multiplicity factor for the crystal face 

structure factors for the given idanes of the crystal 
including Debye temperature factor for Aj^, A^, respectively. 

Suppose that the sample scatters the charactoristi(5 radiation in the small 
angle direction 0 and let tr be the fraction of the incident intensity scattered in 
that direction. Then intensity scattered in the direction 0 by the sample is 

/„.= <r/.(A„) ... (3) 

when the sample is put before the slit S, all components of the incident beam 
are absorbed by factors characteristic of the radiation involved. The absorp- 
tion factor of the wavelength A^ will hQ A whereas that for Aj, will be 
The absorption factor, strictly speaking, should veiy with 0. 

Thus, with the sample in position, the intensities recorded at E and D will 
be given respectively by 

lLX-^h{^B)ALKfL)j^i:^ "■ ( 4 ) 

Jm - MO) //('An) .? • ■ ■ i^) 

From Eqs. (2) and (5) 

=J„{0){cc+<r)a ... (6) 

For another angle of scattering O', the equation is 





T-') •' 


... ( 8 ) 
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wjiero the primed quantities mean the quantities in Eq. (7) for the new sottinfr 
at 0\ For determining a and ol\ is plotted against (9 and the resulting curve 
is extrapolated to 6 — 0, 

From Eq., (2), wo have 


.= a ... (9) 

The values of a, a' can be determined from this equation with the help of 
this grapli. 

CORRECTIONS FOR SLIT DIMENSIONS 

The intensity expression derived in Eq. (7) assumes a point source of 
X-rays and a perfectly parallel and infinitesimally narrow beam. In the experi- 
mental aiTangement, however, a collimating system (‘consisting of tlireo slits 
were used. In all the three slits, the height was very much greater than the width' 
so that they could be taken as fair approximations to a slit of infinite height. 
The calcite crystal can also be taken as a slit of infinite height. Thus the observed 
intensity is due to a very large number of point X-ray sources distributed accord- 
ing to the slit geometry, which ’will modify the actual scattered intensity. It 
has boon shown by authors like Spencer (1931), Jones (1938), etc. that the observed 
angular intensity distribution is the convolution of the actual diffracted intensity 
distribution and an instrumental weight functions. Various authors like Guinier 
and Fournot (1947), Kratky, Porod and Kahovec (1951), Shull and Roess (1947), 
Kranjc (1954) etc. have described methods of recovering the actual diffracted 
intensity distribution from the observed intensity distribution. Tho*meth(Kl 
followed in course of this experiment is essentially that due to Guinier and Fournet 
(1947). 

For each setting of the crystal, the imago of the slit for the characteristic 
radiation (A^,) without the sample in position is scanned microphotometrically 
parallel to its width as well as height, It is observed that although there is a 
distinct intensity distribution along the width, that along the height is approxi- 
mately constant. Lot us denote the mean intensity distribution along the width 
by /(*) and that along height by I{y) where 

27r^ distance along width from origin 
A overall sample to plate distance 

27 r ^ distance along height fro m orig in 
A overall sample to plate distance 


and 
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Since for every value of I{x) is constant, we may wi'ite 

y)] dxdy ... (9) 

where G{h) is the observed intensity for a given value of h and F{h) the actually 
diffracted intensity. 

Ijet my) F(^dy be denoted by K{h) 

Then ll{x) K{h)dx — G{h) ... (10) 

Lot us express 0{h), K{h) and I{x) in terms of their Fourier expansions 

G{h) ~ J G*{u) cos 2tt hudu ... (11) 

-s» 


J{{h) = J K*(u) cos 2nfm du 

-00 

... (12) 

•• 

/(a:) = j i*(^fc) cos 2n hu du 

...* (13) 


OnJy tlie cosine terms have been used in the expansions because the functions 
ai‘e syniiuetriciil. The Fourier transforms of the functions are given by 



G*{u) — J' G{h) cos 27 T hu dh 

... (U) 


K*{u) — / K{h) cos 27t hu dh 

-00 

... (J5) 


00 

i*(M) = J I{x) cos 27t hu dx 

( 10 ) 

Now, 

G*(u) = K^{u) I*{u) 

... ( 17 ) 

or, 


... ( 18 ) 


For a given sample, (X ys 0 graph is the same as the G{h) vs h curve. Both G{h) 
vs h and I{x) vs x curves were drawn by adjusting the scales so that bases of both 
the oiirves had the same linear dimension. The bases were divided into 60 equal 
parts and for each point of division along the abscissca, the value of the ordinate 
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for hath the curves were dotermined. The integrations in Eqs. (14) and (16) 
were thus replaced by the sunuixations 

h80 

6'*(«) = gJ^»(A)cos2aAg“ ... (19) 

-80 
-tSO 

^ ^ ® 60 ■ " 

-30 

Eqs. (19) and (20) -were easily evaluated knowing the oxperiniontal values 0{h) 
and I{x). Then from Eqs. (18) K*{u) was evaluated. Eqn. (12) was then replaced 
by the summation 


^(^0 == ^ ^*(m) cos 27 rh ■•■(21) , 

-au 

Dotoriuining (21) from various value.s of h, the graph of K{h) vs h was drawn. The 
graph of K{h) vs h represented in terms of another set of variables the graph of ' 

vs u being any arbitrary varialde of no physical signillcanco. 

Eroin this graidi the values of the derivatives 


iinu„ 

VAM-w" ' 

for each value of h and = 0 to u— v so that 


wore determined and from them tho functions '‘LZ were formed. Next, 


— 0, graphs of 


^ ) ^y^ire plotted against u. The area of this curve gave the value of 


f ^ 

J 

Erom those integrals, the values of F{h) wore calculated from 

——I f *•* 

0 VA'+w* 


where A = =. a constant. The plot of F{h) against h was then dz’awn from 
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these data. This gave the disMbution of the actual intensity of scattering with 
the angle of scattering. 


RESULTS DISCUSSIONS. 

In 3?*ig8, 4 and o, the distrll^ntiens of ji^itensity of X-rays scattered by cold 
wt)rked aluminium and copper ht extremely small angles with the angle of scat- 

Aluminiuiri Copp«r 




0 10 20 30 40 50 60 x JO-3 Radians 
Scaltoriiig angle ti -> 

Fig. 4. 


0 10 20 30 40 60 60 x 10 « Radians 
Scattering angle > 

Fig. 6. 


tering have been shown. The intensities in both cases are observed to decrease 
monotonou.'dly, almost exponentially. This is in agreement with the results ob- 
tained by Blin and Cluinior (1953). 
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LIGHT ABSORPTION IN NO," ION IN STATE 
OF SOLUTION 
PART I-300m/t BAND 
A. MOOKHERJI and S. P. TANDON* 

Physical Labobatobihs, Agba Collbgk, Aqua (Injha) 

(iCecptuet? March 14, 1902) 

ABSTRACT. Tho ultra-violet absorptioii in ten nitrates having iiiono, di, and trivalent 
cations, woi'o studied by ii “UVISPEK” spectrophotonieior. Tho obsorvod molar oxtinu- 
tion coefficient, oscdhitor strength, and polarisation go to show that tho 3()0m/i band is a 
DaA symmetiy forbidden transition buried under the syniniotjy allowed 7r—>7r* 

transition. j 

INTRODUCTION 

The aiudy of tho absorption spectra of nitrate ions in different physical 
states (Schaeffer, 1910, 1916; Smakiila 1927; Rhodes and Ubbelohde, 1959;', 
Halban et ah^ International Critical Tables; Krishnan and Guha, 1934) revealed ' 
two structureless bands; one of them in tho near ultra-violet extending from 
350 to 260 mu which is weak, and the other at about 200 m//. 

Duo to the large band width and the noneliniination of container and solvent 
effect, the previous workers failed to study these bands in detail. The present 
authors eliminated the solvent and container effect by using a “UVISPEK” 
and by improved technique reduced the band width to a few angstroiliB. 

A systematic change in energy of the absorption spectra of nitrate ion, as 
we pass from LiNOs to CsNOg duo to ion-ion interaction was observed by 
Sydman (1950), and Smith and Boston (1961). This change in energy was 
avoided in tho present work by using only aqueous solution so as to get tho 
spectral character of the NO '3 ion only. 

The present communication reports a systematic study of the 300m/^ band 
of NOa" ion in ten nitrates having mono, di, and trivalent cations m aqueous 
solutions and viewed in tho light of the work of Van Vleck (1937), Jorgensen 
(1964), Sugano and Tanabe (1954), Smith and Boston (1961), and Friend and 
Lyon (1959). 

t 

EXPERIMENTAL 

Chemicals used wore of Merck’s A. R. quality. The measurement on Light 
absorption in aqueous solutions in the ultraviolet region were carried put by 

♦Pliysics Laboratoiy, Opv6niinen.t College, Ajinor (India). 
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a ‘ UVTSPEK” Hilger Photoelectric Spectrophotometer following Mookherji 
and Chhonkar (1969) and the technique of reducfing band-width (Tandon, 1962). 
Temperature of measurements centred round about 25°C. Slight variations in 
the room temperature did not effect the band maximum noticeably. 

BEStTLTS 

Results of measurement are collected in Table I, In order to get prominent 
absorption peaks for the salts studied, the solutions had to be diluted. Progres- 
sive dilution from that concentration at which i)rorainent peak is obtained does 
not change the position of the peak. The nature of the variation of absorption 
is shown graphically in Fig. 1. 



Fig. 1. Absorption curve botwoen percentage absorption and wavelength sliowing 
goneral nature of the 300 mp, band of No'j ion in state of aqueous solution. 

DISCUSSION 


(a) Oscillator Strength 

The oscillator strength P is given approximately by the relation (Jorgensen, 
1954). 

P = 4.60xl0-«if[d(~)+tf(+)] ... (1) 

where E is the molar extinction coefficient, ^(— ) and fi(-|-) are the half band-widths 
towards smaller and larger wave nunxbers reBpectively* 



346 A. Moolch&rji anS, 8. P. Tandon 

E for solutions is defined by the relation, 

Ec< — logg(///Q) = 2.303 X absorption density; 
t is the thickness of solution in cms.; c is the concentration in mol, per litre. 

^/For the band maximum we have observed the absorption density directly 
from potentiometer scales (vide Manual H 700.308 Sec. 3d) which are converted 
to the molar extinction coefficient ^ and are given in Table I. 

A Gaussian analysis of the curves gave ^(“-) and (^(4')- These are included 
in Table I. Pxitting all these values in Eq. (1), we have calculated the P values 
which are also included in Table I. It is seen that in state of aqueous solution 
there is no striking dependence of P values on the cation. 


TABLE I 


Salt 

Oojicon- Absorption 
tration% cm-i 

Max. 

k 

E 8( + ) + 6(- 

Cm-^ 

) Px 105 

LiNOa 

0.2.T 

3.3,167 

3016 

18.60 

37,973 

23.29 

NaNOj, 

O.fiO • 

3.3,223 

301 P 

18.01 

.37,910 ' 

22.23 

KNOs 

0.60 

33,223 

3010 

18.38 

37,966 

22 98 

NH4NOa 

0.25 

33,223 

3010 

23.96 

38,470 

.is 09 

AgNOa 

0.60 

33,167 

3016 

2.3 47 

.38,746 

36 13 

Ba(N03)2 

0 40 

3$, 167 

3016 

24.46 

37,803 

20 47 

«r(NO.d2 

0.40 

3.3,167 

3015 

23 27 

36,964 

23.10 

Mg(N03)2 

0.40 

33,112 

3020 

21 07 

37,220 

22.86 

Cd(NOa)2 

0.60 

; 33,223 

3010 

19.73 

38,235 

20.26 

A1(N03)3 

0.60 , 

33,223 

3010 

19.57 

38,036 

24.87 


Smith and Boston (1961) with Lowry-Hudson and Kuhn-Brown models 
calculated P values, and observed some dependence on cation in case of pure 
alkali nitrate melts. A comparison with our values is shown in Table 11. P 
values of melts show ion-ion interaction effect, while our solution P values show 
no such variation as is expected. , , 

(b) Nature of Transition ; ' ; > 

It is seen from Table I that the values of E are very low and the oscillator 
strength has values only of the order of I0-®, These experimental findings sug- 
gest that the NO 3 ion absorption band is due to forbidden transitions (Mookherji 
and Tandon, 1962). 

Among the forbidden transitions, according to Van Vleck (1937) the following 
can have non- vanishing intensity : — , , 

(A) The electric quadrupole- 

(B) The magnetic quadrupole, and 

(C) The electric dipole coupled with vibration . 
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TABLE II 


Salt 


PxlOB 


Our values 

Smith & Boaions' valuos on 
inorUila 

Lowi-y. Hudson 

Kuhn-Brown 

LiNO., 

23.29 

39 8—40 n 

37 3 

NaNO;, 

22 23 

47.1—17,4 

10 3 

KNO., 

22 98 

9.5— 9 3 

9 0 


It woTild be inierest/ing to estimate transition probabilities for, these kinds 
of transitions following Van Vleok (1937). Let cr^, rr^ and cr-j represent the transi- 
tion probabilities for those three types (A), (B) and (C) respectively. Then, 

0-1 = 327rflv 
0 -/=: 647rhm^/3hO^ 

and, ^ 

where, o-j = 

"aiimei = 64ff‘e2vV/3AO» , (C) 


- (2) 
( 3 ) 


(*) 


Q is comparable dimensionally with mean square radius of the orbit and hence 
can bo estimated from the relation Q = r‘^ and JIf is of the order of Bohr magneton 
and v' e- The other symbols have the usual meanings. 

V/tefn can be estimated using the relation 

whore, is given by 

Pvq = 27r^Vo®(5i2)2 


Vo is fundamental frequency of vibration i=5s 1000 cm“^ (Horzberg, 1946; Janz 
and James, 1961) and /t is the effective mass for the ion e=: 14 x 1.64 X 10“^*. 


Now, 

and 

and hence 


Fo =;3xl0*cm-i 
r ess! 10”® cm. 

V/tf„t c=si 0.6 X 10® cm”i. 


Thus estimating the values of (Tg and (r^, we have calculated the oscillator 
strengths Pj, Pg, and for these types (A), (B) and (C) , respectively. They 
are related by the expression 

t r -- where i ;= 1, 2, 3. 

^allomd 
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P/s are calculated hy utilising our observational data. Thus, we obtain, 

Pj s: 10-* 

Pa « 4x10-8 
P3 s 10-" 

Thus it is evident that probably electric dipole coupled with vibration 
predominates in these transitions. According to Smith and Boston (1961) the 
transition n-^n* shifts charge density from the neighbourhood of oxygens to the 
neighbourhood of nitrogen with a conservation of total charge. This might 
bo responsible for coupling vibration with electric dipole transition. The possi- 
bility of a magnetic dipole transition cannot be altogether ruled out, as our esti- 
mates are only approximate, 

(C) Assignments of hand : 

Smith and Boston (1961) and McEwen (1960, 61) by LCAO method have cal- 
culated the energy levels of NO -3 ion, using the experimentally observed 
(Inkinen, 1960) N — 0 distance 1.22A and symmetry properties of ion. 
These are shown in Fig. 2. 



Fig. 2, Energy level diagram showing probable transitions giving rise 
to 300 m/r band. 
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The 24 electrons (Walsh, 1953) of the ion may be divided into 

(1) ly-electrons, bonding and antibonding 

(2) or-electrons, bonding and antibonding. 

According to McEwens (1961), and Smith and Boston (1961) the 3()0in/i. 
band is due to excitation of the lone pair nonbonding electron (n-orbital) on 
oxygen into an antibonding n orbital (tt* orbital) of the NOj- ion that is, n-^n* 
transition. The ground state ‘n’ has the symmetry A^' of group (Friend and 
Lyons, 1959). The upper state may be either of the five states with symmetry 
Ai", E\ and ; A\ and E” a.nd *1?" have almost the same 

energy and hence only the three transitions shown in Fig. 2 are possible. 
Among these and A\-^E" are symmetry forbidden while A^^E' is 

symmetry allowed transition. Now our observed values of absorption maximum 
in NOg' ion correspond to *4.1 e.v. This is near to A^-^W, the symmetry allowed 
transition. But experimentally observed oscillator strengths (P~10"®) and 
molar extinction coofl^cients {E 20) coupled with the result of measurement on 
KNOg and NaNOg with polarised light (ICrishnan and Dasgupta, 1933) go to 
support the symmetry forbidden A\-^E" and transitions. 

Wo have suggested in the previous section that the oscillator strength as 
estimated from our observed values suggest an electric dipole transition coupled 
Avith vibration. 8o following Smith and Boston (1961) it may bo suggested that 
Ai -^E" might receive some allowed character due to this vibration perturba- 
tion. Consequently, the 300 ni/* band may bo assigned to the forbidden a-^TT* 
transition perturbed by vibration buried under the symmetry allowed Ay-^E\ 
7r->7r* transition. 

We could not observe any vibrational structure for this band in state of 
solution. It may be due to the low intensity and the superposition of Ay-^E\ 
A^-^E", A\-¥A{, u->n* transitions. The tail of the strong symmetry allowed 
n->7T* transition will also mask it. 

ACKNOWLEDGMENTS 

This work was started in the Physical Laboratories, Agra College, Agra and 
completed in the Physics Laboratory, Government College, Ajmer. One of us 
(S.P.T.) is grateful to Prof. G, L. Gupta, Ph.D,, Head of the Physics Depart* 
ment and Principal Bhim Sen, Government College, Ajmer, for providing facili* 
ties to complete the work. 


BEFEHENOES 

Friend, J, A. and Lyons, L, E<j 1969, J. Ohem. Soc.f % 1572. 

Halban e^ al, Handbucfi dcr Physik, 21* 339. 

Internaiional Critical Tables ^ 5, 320-31. 

Horzboi’g, G., 1946, Molecular Spectra and Molecular Structum, Part II, D. Van Nostand 
Company* Inc., New York, 178. 



350 


A. Mofikherji and 8- P. Tampon 


Inkinon, 0., 1060, Ann, A(^. Sci. Finmcal (Finland), 55, 43. , 

.Taiiz, G. J. and Jamoa, D. W., 1961, J. Cham. Phys., 86, 730. 

■Toi'gonson, 0. K., 1954, Acta. Chem. Scand., 8, 1495, 1602. 

Krislman, K. S. and Guha, A. C., 1934, Proc. Ind. Acad. Sci., 1(4), 242. 
Kriahnon, Kj S. and Dasgupta, A. C., 1933, Ind. J. Phys. 8, 49. 

MoEwene, K. L., I960, J. Chem. Phys., 32, 1801. 

J961, J. Chem. Phys. 34, 647. 

Mookherji, A and Chhonkar, N. S., 1959, Ind. J. Ph/ys.^ 83, 74, 

Mookherji, A. and Tand,on, S. P., 1962, Ind. J. Phys. 36, 211. 

Khudos, E. and TJbbelokde, A. B., 1959, Proc. Poy. Soc. (London), A251, 150. 
Seliaoffor, 1910, Zeita. /. Wiaa. phoiogr., 8 , 260. 

1916, Ze'its. Anorg. Chem., 97, 285. 

Hidman, J, W., 1950, Chem. Rev. 58, 680. 
iSinakula, 1027, Zeits. /. plvysik ,45, 1. 

»Siiiith, G. P. and Boston, C. B., 1961, J. Chem. Phys., 34, 1396. 

Tanabti, X. and Sugano, S., 1964, J, Phys, Soc. Japan. 9, 706. 

Tandon, S. F., 1962, Raj. Univ. ^Stud^es, (TTridor publication). 

Viin VIock, J. rf., 1937, J. Chem. Phys., 41, 67. ' 

Wttlsli, A. D,, 1953, J. Ch&m. Soc., 2301. 



36 


HELMHOLTZ INSTABILITY IN HYDROMAGNETICS 

S. P. TALWAK 

Dhpabtment of Physics, Delhi UHivEiisirVy Delhi 
{Uetemd August 9, 1961) 

ABSTRACT. Tho Helmholtz instability for two in viscid, inooiiipressiblo, perfectly 
conducting auperpoflod fluids is invt^stigated under the joint influence of a horizontal magnetic 
field and Coriolis force. After establishing the general equations of tho problem thi-ee special 
coses aix) discussed : (i) Rotating configuration with field but no tangential motion, (ii) Rota- 
ting configuration with tmigential motion but no field, (iu) Single fluid subject to rotation and 
magnetio field Both magnetic field imd rotation have a stabilizing influence on tho con- 
figuration, the foiMiier for distuibancos of short wavelengl.h and tho latter for long wave dis- 
turbances. 


INTRODUCTION 

In ordinary hydrodynamics Helmholtz instability arises when two fluids 
are in relative tangential motion at a plane boundary. A disturbance of the 
plane boundary is unstable and loads to a mixing of tho two fluids. Another 
kind of instability (Rayleigh instability) occurs when the density gradient of 
fluid in the vertical direction is anywhere positive in a gravitational field. A 
si/udy of the analog of these two types of instabilities in hydromagnetios is of 
considerable importance in astrophysics (e.g. sunspots, stellar atmospheres, solar 
ion-beam, streamers, cosmic jets), Talwar in a series of two papers (1959, 1960) 
investigated the Rayleigh problem in hydroniagnotics for two density distri- 
butions — two superposed fluids and a stratified layer of fluid — with and without 
Coriolis force. 

In this paper wo shall investigate the magneto-hydrodynainical stability 
of two superposed fluids in relative tangential motion at the horizontal interface 
when the whole system is partaking in a uniform rotation about the vortical axis. 
Particular cases for non-rotating configuration have been obtained by Michael 
(1955), Axford (1960), Talwar (1961). In section (2) we shall develop the equa- 
tions of the problem assuming the fluid to be incompressible, infinitely conducting, 
inviscid and stratified in the vertical direction. 

EQUATIONS OF THE PROBLEM 

Consider axes OXYZ such that OZ is' vertical. Suppose that a plane surface 
of discontinuity of tangential velocity (vortex sheet) and of magnetic field (current 
sheet) exist in the configuration of the two superposed fluids at the common 
horizontal interface Z = 0, Let the velocities and the uniform magnetic fields 
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(both in the -X^-direction) be and respectively for ^ < 0 and ^ > 0. 

Let pi, denote the uniform densities of the lower and the upper fluids respec- 
tively. Further suppose that the configuration is uniformly rotating with an 
angular velocity Q about the Z-axis. 

The equation of motion, with respect to a set of rotating axes with fixed 
origin, for the problem under consideration is, 

P = -~VP-\-yp+ l{vxH)xH]+2p(VxQ) ... ( 1 ) 

where F, H denote the velocity vector and the magnetic field vector, witlx respect 
to the rotating axes, and p, p, g respectively denote the pressure, density at a 
point and the acceleration duo to gravity with component -g in tlie Z-direction 
(g may even denote the net acceleration downward if there is an additional im- 
posed acceleration). //. is the permeability of the medium. 

The incompressibility of the medium requires 

^.= ^. MV.V)P = 0 ...( 2 ) 


which ensuT’es that the density of every element remains unchanged during 
motion. 

The equation of continuity of matter is then 

V.V = 0 ,.. ( 3 ) 

In addition we have for a perfectly conducting fluid, 


dH 

dt 




( 4 ) 


and finally we have 




( 5 ) 


The initial state is characterized by a uniform field and uniform velocity 
Uq both in the JC-diroction, and a density gradient in the Z-direction. In the 
perturbed state we have 


F — {Uq, 0, 0)+w 

H = (^o.O,0)+A ... (fi) 

p f= Pt+sp 

P — Po~^^P 



HdmhMz InBtabmiy in Hydromagnetic-s 353 

Here u, h, Sp and Sp denote perturbations of thf» ^ a r ' 

city, magnetic field, pwfflure and density respectLlv "i"’ ® 

as (some function of z) exp. (ik^JLa «j_ a ^ 

..V. rfth, f" 

Bon. ,>H« » *» «.. 

oJnJLQh TT \n. n-n ^ ’ 

•, - ( 7 ) 
••'■ ( 8 ) 


Pi>{'>i'+ikxUo)u—2p„va =—ihJ 
P,{n+iKD„)v+2p„u(i =-iVi>+ 'Ij" {ikX-ikX) 

Po(n+ik,U,)w =-DSp-gSp- P^o (D\-ikX) 

{i^+ikJJ^)^p-\.wDp^ = 0 
iha;U-\-ihyV-\~IhD = 0 

{n^-ika,U^)h = H^ik^u 


and 


• ( 9 ) 

(10) 

(11) 

(12) 


(13) 


where D stands for djdz. 

Let ns now eliminate some of the variables and derive an eqnation for say 
the component «. of velocity perturbation vector. Multiply (7), (8) by ik and 
*1^ rcspecuvely and add, wo get, on making use of (IJ), ’ '' 


-{n^-ik^V^)p„Dw-2p^Q^- (ikji^-ikji^) ik„H„ = 


(14) 


where k^ = and f stands for {ik^v-ik^u). 

w nif **“^*"8 eUminatort Sp by using 

b^q. (]0),. We got ^ 

in-i~ik^U„) 

t-r 0 , ... (15) 

Making use of Eq. (12) and (13), the above equation reduces, to, 

[ P,{n+ik,U„)- ] k‘u,-{n+ik,U,)Dip^u,) 


... ( 16 ) 
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The expression for f (= ih^v—ihyU) can be get from Eqs. (7)^ and (8) by eliminat- 
ing (Jfjp and employing Eqs. (12) and (13), After some simplifications we get 


« _ 2a Vw, r J 

{n-fikgU^) L iTTpo {n^iJc^Ul)^' 


(17) 


Eliminating f in Eqs. (16) and (17) and puting Dp^ = 0 (uniform fluid), 
we get the equation for w as, 


D^w 





k^w = 0 


.,.;(i8) 


where (F = hydromagnctic velocity). 

I 

DISPERSION RELATION '! 

For a configuration of two superposed uniform fluids extending indefinitely \ 
on either side of the horizontal interface z =• 0, the solution of the above Eq. ' 
(18) is 

Wi{z) = A^e^^^ ( 2 < 0 ) 

and 


where 


and 


VKj^{z) = A.jf -^-'^iz > 0 ) 


... ( 10 ) 


AQ^ 




- ifc [ 1-4- _ Vi 

" L ^ {{n+ikJJ,)^+k/V,r J 


( 20 ) 


and , The constants A,, A^ are to be deler- 

' 47rp2 


^ inp 

rained by appropriate boundary conditions 


Boundary Conditions 

(i) At the common interface fhc normal component of velocity is conti- 
nuous. Thus 


TT . rV 

Ui — — 


'‘dx 


( 21 ) 
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^here f denotes the small displacement of tht interface. 

Hence : 


tv^{n-\’ihJJ ^ ~ w^in-^^'hgXJ^) at g = 0 


Using Eq» (19) we get 


Ai — A^ 


W'-4~‘»^a;U g 


3156 


... (22) 


(23)‘ 


(ii) The normal component of magnetic field is continuous at the interface. 
It can be easily verified that this condition of continuity of normal field 
automatically follows from Eqs. (12) and (22). 


(iii) The pressure should be continuous across the interface which means 
that, 

Sp,-Sn+g(p^-Pi)^+ ] = o 


Making use of Eqs. (12), (13), (14), (17), (19) and (23) and simplifying, the above 
Eq. (24) gives 


WjP, |n H |l-h 




)!_A 


+^. (c+.w+vi'.-j |>+i5r?aSi-gy 


m 


With the help of Eq. (20) the Eq. (26) can be rewritten as 




^\(n+ik^D^)^+kz^V^> 

4a'^(n-\-ika;0z)^ 

\{n-\~ik^U,)^-\-k/Vff 


(26) 


The Eq. (26) is the characteristic equation for n, the parameter determining 
the stability of the configuration, The configuration shall be stable or unstable 
tlopending on whether n® is negative or positive . If w is complex with a positive 
real part, it corresponds to an ‘overstable’ situation. The above equation is 
rather combersome for discussion in the general case. We shall therefore in- 
vestigate some simple special cases. 

(1) Rotating Superposed Fluids, with magnetic field but with no tangential motion : 

The configm-ation characterised by a constant magnetic field was discussed 
in earlier paper (Talwar 1960). However, if we assume that two fluids carry 
different uniform fields so that they are characterised by the same Alfven speeds 
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V (i,e. B^jpi = then the equation is rather simpler to interpret, The 

characteristic equation is then, written as 

o ... (27) 

where a = ^XZ£i . if the upper fluid is less dense than the lower fluid, the con* 

P2-^Pl 

figuration is thoroughly stable and the phase velocity in the X-direotion of 
horizontally propagated waves is given by 

j" = (l+2*»)±2a:{l+a:2+i//4a:»}» ... (28) 

where x =. , and V = 

Wlien the upper fiuid is heavier than the lower, the situation will be unstable 
only when (vide Eq. (27) ), X; < fc* where is given by 

** = -g- ... (29) 


Here Vi. denotes the component of the hydromagnotic velocity in direction of 
k. Thus it follows that rotation does not change the range of stability in super- 
posed fluids with horizontal field. 

Again when a > 0 it follows from Eq. (27) that there exists a mode of maxi- 
mum instability. If k^^ and denote the wave number and the growth j-ate of 
the mode of maximum instability, they can be easily hown to be given by. 


" 4FVa-H-4Q2E2y 




The Eq. (30) clearly shows that the presence of slow rotation in superposed 
fluids with horizontal field decreases the growth rate of the mode of maximum 
instability and increases the wave number of this mode. 

(ii) Rotating superposed fluids in tangential motion {no magnetic fleld) 

This is purely a hydrodynamic case, and the equation for wis 

gHp,-p,) = 




... ( 31 ) 
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The equation (31) for* small wavelengths simplifies to 
n{Pi-i-p2) ==-ike{PiUi-\-p,iU.^)±[pipJc:,^(U^--U2Y---(jk{^^^ 

'-mPi-^P2n ... (32) 

The system shall be unstable if the term under the radical sign is positive 
and stable if it be negative. Thus the condition of stability is written as 

„ 

jf hy is zero. This result (when 12 — 0) is identical to that obtained earlier (Talwar 
1961) with no interfacial tension. 

For disturbances characterised by long wavelengths (or high I’otation) the 
equation (31) gives 


212 P 1 +P 2 

When a > 0 (top fluid heavier), it follows from equation (34) that the con- 
figuration is ‘Overstable’. If the fluid be less dense (a < 0), the flisturbances 
ai’o ijeriodicttlly damped with phase velocity Up,^ given by 


= ... (36) 

* kx Pi+Pi 

(i-ii) Homogewjus aingh Fluid with tangmiial motion, subject to rotation and uni- 
form horizontal field. 

For px—p 2 “-nd = Fg the Eq. (26) gives 

»i*+mfc,(C7i+J7,)+ [ 2b*+V ( V‘~ ) ] = 0 (36) 

as the characteristic equation for n. Thus 

W+fi.) ± [ 2Q^+V {P-( )“}]* (37) 

which gives the condition of instability as. 


Therefore, if two parts of a single medium move with a relative tangential velo- 
city less them twice the hydromagnetic velocity, the system is thoroughly stable 
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for aJJ h. Eotation has stabiUsing influenoe for, long wave le^g M jg widencc, 
byEq. (38). However, if relative velocity is more than twice the hydromic. 
netio velocity, we can define irom Eq. (3S) a oritical wavefength i 

such that the system is stable for perturbations with wave lengths in the 
X-direotioii larger than A/ and unstable for A,, < A** only. Rotation and 
niagnetic field for a given tangential velocity decrease A,* and thus have u 
stabilising influence. 

The phase velocity in the a;-direction for stable configuration is Wf'itten 
as 

and the group velocity f/,, in tho x-direction is 

+{ F«- )‘}]-^ ... (40) 

The fijllowiiig properties of Up and are implicit in equations (39) and (40). 

When Aijc— >0, | Upj “»oo and Up-^ j7iH - ^2 kj^-^co [when {U 1 —U 2 ) < 2F] and 

2 

at kj. = kji* [when (Vi—U^) > 2V). Again Mdien k^-^^ and 

Uff~¥co when hj, = [when {Ui—U.^) > 2V] and at [when {U-^—U^ 

<2y]. 
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ON THE DETERMINATION OF ACTIVATION ENERGY 
OF DIFFUSION THROUGH DISLOCATIONS 

A. L. LASKAR 

Physics Depahtmknt, 

Indian Institute ojp Technology, Khakaupuh 
( iiflccwed May 19, 1961) 

abstract, a iii 0 Ui.od liaa boon developed to dokn-mine the activation enoigy ot 
diffusion throujjU dislocations based on the model of straight dislonation i>ipeH running 
tlirough the crystals. The activation energy for the pipe diffusion of NuUl through LiK 
crystals has boon dotorminod bo bo neaily 0.2 e.v The low value of the activation energy 
has boon explained m terms of tho shoi-t-eircuii path provided by the dislocations. 

INTRODUCTION 

The phenomenon of ''pipe-diffusion” necessitates tiie re-apprisai of the bulk 
diffusion data in many cases. It is well-known that there is considerable scatter 
in the diffusion data for the same element obtained from different sources, and by 
different woi'kors. It may be noted that a ro-analysis by several authors, of oarher 
experimental results on diffusion showed tho prominent role played by tho dis- 
locations. Williams and Slifkin (1958) concluded from their study of rare earth 
ti’acos of silver and lead that the tail which was more prominent at low temperature 
in their diffusion curves, (sould be explained by the presence of foreign atoms in 
one atomic site in a thousand along a dislocation line. The role of dislocations on 
diffusion through solids has been discussed by a number of authors, a review of 
nliich is given by Amehnokx and Dekoysor (1959). The disoolations are recog- 
nised as microscopic pipe.s through tho solid body. In tho atomistic theory of 
diffusion those dislocation pipes would provide short circuit paths for diffusion 
and this again will have a great effect on the electrical conductivity in case of 
polar and homopolar cr 3 ^stals. In recent years Tucker and Gibbs (1958), Tbuki 
and ^aniashita (1959) have reported enhanced diffusion and increase of conduc- 
tivity curront in the oi'der of 1000 times in some cases, m presence of 
dislocations. 

It is believed that tho concentration of pipes in a sample will determine 
tho effect of dislocations ' on the bulk properties. If tho diffusion phenomenon 
for dislocation channels is studied independently and the activation energy for the 
process is estimated, then a comparison with bulk diffusion data for the same 
sample will clearly indicate the role played by the dislocations, If we now have 
another sample of the same elements with a different concentration of dislocations, 
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it would bo probable to estimate the change in diffusion properties. This wiU 
lead to a better understanding of the role played by dislocations on other struc- 
ture-sensitive properties, Experimental results of the study of enhanced diftusion 
and conductivity through individual dislocations have been reported by Laskar 
and Tucker (1960, 1961). In the present paper a method has been developed to 
determine the activation energy needed for the diffusive flow through a dislocation 
pipe. This method has been used to determine the activation energy of pipe 
diffusion of NaCl in LiF crystals. 

RESULTS AND CONCLUSIONS 

The theory was worked out in case of diffusion of single ionized Na atoms 
through a LiF chloride crystal when D.C. voltage is applied through a micro- 
probe sitting on a dislocation while the lower surface was plated with radioactive 
NaCl. The microprobe was made negative wdth respect to the lower surface. 
In order to correlate the diffusive current with the usual iiarameters the 
following relationships were established for an ideal dislocation pipe through 
a crystal : 

(a) Considering the field effect alone 

j = Vo (i) 

where = cui'reiit flux. 

Uq = probability of an atom site being occupied. 

Vfl = jump frequency. 

a = interatomic distance. , 

Egxt = externally applied electric field. 

— injection energy, i.e. the energy needed for the ions to penetrate 
the barrier layer at the bottom. 

— motion energy of the particles through the pipe. 
e, K, T have the usual signihcance, 

(b) Time independent one dimensional diffusion equation in pi'esence of 
an electric field has the 'orih : 

J = +7 

where (i = mobility. 

Eint ~ internal field due to the distributions of charged particles along 
the dislocation lines. 

D ~ diffusivity. 

y = the sum total effect of the jogs and Cottrell atmosphere along 
the pipes. 
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Neglecting y which is, after, all a small effect, the following expression of 
current through the dislocation was obtained. 


J* -■= 2//e%(,9/'a; log N — i)?/'* ... ^2. 

whore 7]x = the perturbation on the distribution through the channeh 
N = total parti(jles in the dislocation channel. 

N is given by 


N = ih+fijci [ ^ (e‘^~l) -L 

L (X, 

Expressions for a and /i are 

a= - 1 

l)-\ 2/ien^]ogN 

n = ] 

log i\r j 

Estimate is rnade with the following typical data 


( 3 ) 


(4) 


1 — conductivity current ...10“® amiis. 

V — applied D.C. voltage ...300 volts. 

T — temperature of the sample under study... 700"K 
d — thickness of sample 

— total activation energy for the process,.. 0.74 ev 
Vfl — fiequency — 10^“. 


With the hel]) of above data one obtains 


Eprt ~ 


V 

KdF 


2.7 X IO- 


meter 


using M.K.iS. s 3 ^stem of units. 


The dielectric constant for LiF is taken as K — 
whore c — 5 

From equations (1) and (4) one gets 

Uq = 10-2/cm = 1 /meter (0) 

1.6X2.7X10- 

^ ~ 1+3.2 X 1.6 (log iV^.Wo) X 111" 


^ 0.432 


( 7 ) 
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n d 

“ i)+(2^e ^0 Log N) 

__ 

==a^''o- fir’)[j4.5(iogJv;»i„)^UF8] ■■■ 

whoro F = ... (9) 

From equation (2) one obtains 

= (F.»io)(4.32xlOi2e'4a2*)[i._(^^ log isr)5.i2x 10-8 -1] ... (10) 

The three quantities within the double bracket should be identified with the 
external field term, the internal field term and the diffusion term respectively. 
Expression (10) shows order of magnitude calculation only for the square bracket. ;i 
The internal field term is of the order of lO”® or 10“^ and one can «Tite that the \ 
current flowing through the central region is given by \ 

Je-(1.7xl0-’) (11) \ 

where x = Zy/2 — 2.6 x 10“^ meters. 

This estimate shows that the internal field has got negligible effect on the diffusive/ 
current flow, whereas the external field teim and diffusion term are of the siinie 
order of magnitude. 

In order of magnitude calculation then equation (11) may bo rcMUitten as 

J=:'(l,7)Xl0-’e-®'»/*'^ ... (12) 

The following is the order of cuixont calculated by assuming different values of 
^m- 


F„^ in e.v. 

J in amps 

0.1 

^ 3x10-8 

0.2 

--- 6xl0-» 

0.4 

~ 2x10-18 

0.5 

~ 2x10-11 

0.7 

~ Lx 10-18 


Experimentally obtained current is of the order of 10“® amperes. Hence 
it may bo estimated that the motion energy for the diffusive current is . 2 e.v. 
or less. The activation energy estimated from bulk diffusion data is' more 
than 1 e.v. It is thus seen that the activation energy for diffusion through dis- 
location pipes in presence of externally applied electric field is very much smaller. 
This conclusion is also supported by the microscopic observations (which has been 
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reported l)y author (I960)) of xnaseive deposit near the microproho at a temperature 
where hulk diffusion in LiF crystals is extremely small. It is to he noted, however, 
that this calculations are based on a simple model which assumes a uniform 
dislocation piiie running from the bottom to the top of the crystals. Even if the 
dislocation pipe is of mixed type, the broad aspects of theory still can be applied, 
so long there is a continuity of the pipe through the crystal Calculations along 
these lines, with other experimental data, are in progress. Similar experiments 
with homopolar crystals would be interesting in understanding the basic atomic 
mechanism for diffusion process. 
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GRID CONTROL OF GAS-TUBE NOISE 

K. K. BOSE AND P. L. DASGUPTA 

Indian Institute of Teomnolouy, Kiiahaopuh 
{Received Auffu^t 2, 1961) 

ABSTRACT, das tubes ai-e the jiiost oommon sources of eleclTical nbiso voltage. In 
the thyration it has been observed that the control grid, wliuh has no influence on the main 
anode current after the discharge has started, possesses considerable control on the noise 
output of the valve. No refcience of this fact has been found anywhere by the authors, but 
It confirms the suggestion made by Labnin and Bigg (1952) that the noise from a discharge 
tube is not of theriiml origin. It has been shown m the following how the noise amplitude 
(as measured m oscilloscope) vanes with the negative grid bias, and the experimental lesulta 
have boon presented. ! 

INTRODUCTION \ 

Normally, the grid of a gas triodc loses all its control on the flow of cur- \ 
rent once the discharge between the cathode and anode is initiated. The grid of a \ 
thyratron is able only to initiate the discharge betM'^een the cathode and anode, 
but loses all its control on the flow of current once the tube starts to conduct. 
This is because the positive ions produced by the ionisation hy (collisions are at- 
iracted towards the negative grid and surround it with a, sheath of positive ions 
and neutralise the electrostatic effect of the giid, destroying its control act Jon. 
The positive ions are also attracted towards the cathode and noutr.'iUse the space 
charge. 

It has been found, however, that even after the discharge has started the iloisc 
voltage produced in the tube can be very smoothly controlled by the negative 
grid voltage, anode current remaining unaffected. The noise voltage has a. 
peak or maximum value for particular values of the anode current; and it is also 
found that the point where tlie noise amplitude becomes maximum, shifts with 
the variation of negative grid voltage. No attempt has been made to measure 
the noise spectra, which has already been done by many workers (Martin and 
400 sd) 1952 and Teong saw yak, 1965). The purpose of the experiment was 
only to study the effect of negative grid bias on the inte- grated and over all 
noise produced in the gas discharge tube, which,, according to authors’ information, 
has not been investigated as yet. 

The experiment was carried out with the BCA 884 thyratron. A current 
limiting non-inductive resistance of 500 ohms was connected in the anode circuit. 
The noise output from the anode of the thyratron was fed to a cathode follower 
and the output of the cathode follower was connected to the vertical amplifier 
of the oscilloscope through a calibrated attenuator and a low-pass filter (cut off 
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freuency about 200iCc/B). The low-pftse filter was provided to avoid the high 
frequency discrete oscillations which were observed at particular values of plate 
current. The frequency of discrete osciUatiuns was found to mtirease with the 
anode current, in confirmation with the results obtained by Martin and Woods 
(1952), Just like noise, the amplitude of these discrete oscillations could be 
controlled by the negative bias of the thyratron grid. 

EX PER1MJ3NTAL ItE.SULTS 

The grid bias of the thyratron was set to different negative voltages, and for 
each setting of the bias the d.c. discharge current was varied by varying the anode 



Fig. 1. Showing tho wlationship between noiso ouqmt and grid-lnas (Eg.) 
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voltage and the corresponding values of tube drop and noise output measured. 
Fig. 1 shows the results. Here the tube drop and noise voltage are plotted against 
the tube current for six values of grid voltage from —1 Volt to -“6 Volts. The 
noise voltage is not the absolute r.m.s. voltage, but as measured from peak to 
peak in the oscilloscope. The object was only to compare the relative magni- 
tudes of the noise voltage under different conditions, and hence, only the total 
height of the noise voltage was measured in the oscilloscope. 

In Fig. 3, the five curves of Fig. 1 (corresponding to grid voltage - IV, — 2V, 
— 3V, — 4V and --5V) are shown together, under same scale and same axes, for 
better orientation. The results (lonceming the relationship between the tliyi’a- 
tron noise and tliyratron characteristic confirmed in general the observations made 
by Martin and Wood (1952). Martin and Wood pointed out that on the nearly 
hoiizontal part of the tube characteristic the noise went through various maxima, 
and ultimately falling to low values as saturaticjn w>^a8 approached. But with the, 
tliyratron and in the region of our present invosUgaiion only one or tAvo juaxinuSi! 
were observed, and one maximum Avas very large. This maximum noise \vas\^ 
found to appear at the point where the tube drop was apparently minimum, as 
shown in Fig. 1. The discharge current at which the maximum noise voltage 
was produced was found to vary with the negative grid voltage. An increase in 
the nagativo grid voltage causes the maximum to occur at lower value of 
discharge current (Fig. 2). Amplitude of the maximum values of the noise voltage 



(la) Anode current (D-C) in mA. 

Fig. 2. Effoct of grid. bias on noise aiuiditiide, Noise bocomos inaximuiu (pouk) 
at particular values oi la. 

decreased, practically linearly with increasing negative grid bias. This has been 
shown in Fig. 3, where the vortical axis shows the amplitude of the noise 
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maxima, which occur at different values of the plate current when the grid bias is 
varied. When the grid voltage was more than — 6 volts, no distinguishable 
maximum of the noise voltage was observed for this particular thyratron. 



3. Shows the effoct of grid biah on peak noieto, la variable. 

In Fig. 4, the noise voltage is plotted against negative grid bias in the region 
of the tube characteristic where there were no sharp maxima. The noise voltage 
has been shown for two values of the discharge cun’onts, 15 mA and 25 mA. 



Fig. 4. Shows the effect of grid bias on noise amplitude, la constant. 

Here one can see that the noise output from the thyratron can be smoothly con- 
trolled by the grid voltage. 

DISCUSSION 

It is not very clearly understood how the noise output of the thyratron is 
cimtrolled by the grid, but a possible explanation is given here, which is very 
tentative. The fact that the noise is controlled by negative grid bias, suggests 
that the noise of the discharge tube could not be of thermal origin. This has also 
been corroborated by Labrum and Bigg (1952); for, to generate a noise output of 
about one micro-microwatt per cycle per seoond, the thermal source should have a 
temperature of about 10^^ deg. K, whereas the electron temperature in the dis- 
charges was known to be less than a milUon degree absolute. Labrum and Bigg, 
who had worked with the two electrode discharge tube, suggested that the noise 
was due to electron and ion oscillation, analogus to those in the Barkhausen- 
Kurz oscillator, in a region whore the potential on the axis of the discharge passes 
5 
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through a maximum value. In fact noise was only generated in discharges 
m which Kuch a reversal of potential gradient do occur. To our ohservationLS 
the noise output from the thyratron, after the conduction has started, originate 
primarily frojn the random oscillation of the positive ions only. Althougli elec- 
trons and ions arc simultaneously produced in the discharge, electrons being 
lighter move at higher velocity than the positive ions and their density in the 
space near cathode is low. Because of the lower mobility of the ions they leave 
the .sjuico more slowly than the electrons, as a result of which the space charge 
becomes positive and the space charge distribution curve assumes the well known 
upAvard eurvature. The negative grid holds the positive ions bound around it 
and the thickness of the ion-sheath surrounding the grid depends on the grid 
potential. The contribution of these bound ions to the noise output is thereby 
lost, but the discharge current remains unaffected, since in the thyratron the dis- 
charge cnirent is almost e(pnii to the total electron current emitted from the, 
cathode, the positive ions only help to neutralise the space charge. It is interest-,^ 
ing to note here that the vacuum tube retarding field oscillators usually operate 
also at negligible space charge. 

The experiment, however, shoAVs that it is possible to constraci a variable- 
output noise-generator Avhoso output can be smoothly controlled by grid bias. 
Another important application of this effect could be the construction of a d.c. 
power-supply Avith minimum noise. Uas tube rectifiers are generally not used 
ill radio receiver sets inspite of their largo current output because of the liigh 
noise level inherent to such tubes Avlucli interlere the reception (lonsidorably. If 
thyratroiis with negative grid bias are used as rectifiers the noise level in 
d.c, output could be minimised and even reduced to negligible value, if the bias 
is made sufficiently negative. Jf thyi’atrons in place of gas-diodes are used m 
big d.c. poAver suppliers, the output can bo thus made practically noise-free, and 
such power supplies may be used for sensitive electronic apparatus. 
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A TWIN-TUNED R-C NETWORK 

S. 0, DUTTA ROY* 

ELEcTiujNinR Section, Rmin HESBAitcn iNSTia'iiTE, Wkst BENOAi. 

{Eectiivfid AuffU.H 22, 1901, EemhmiUd March 20, 1962) 

ABSTRACT. A rOBisi.anoo rapacjiivnoo not-work having two iwssonanre fj'oquoiicios 
of flcljuRtiihlo soparation liiiH boon doHcnbocl. A KpociMl foaturo of the notwoik is Lliai i-)io 
attenuation is infinibo nt tho fVoquoney of ilio clip, whalxivor ho tlio sopavation or tlu^ niagni- 
tudo of tlio iwaks 

INTRODUCTION 

At radio froquenoies, a response characteristic with two pronounced peaks 
(lan he obtained by inductive coupling of two L~0 resonant circuits. In the low 
frequency range, however, such a method is not practical because even moderate 
cou])liiig requires an iron coi’o and timing demands impra(!tic,ably large values of 
inductance and capacitance. Even if two resonaiit circuits cau bo made and 
(joupled satisfactorily, the value of Q ohtainahlo for either circuit and tho overall 
transfer characteristic will be very low. Also, because of the use of a solid core, 
tho coupling cannot bo changed easily and as .such tho separation of the peaks 
will not bo easily adjustable. Capacitance coupling lain lie used, Imt since the 
largest practical value of a variable capacitance is about 500 pF, the coefficient 
of coupling will be very sma,ll for even the inaximuni setting of the capacitor. A 
largo value of the coupling capaidtance wall bo required for obtaiiiiiig a reasonable 
amount of coupling, and as in the inductive case, the selectivity will be very poor. 

In this [laper is described a resistance capacJtanco notwnrk which gives a 
twdn tuning effiict with reasonable values of Q for either resonance. As in tho 
coupled circuit, the magnitude of tho peaks can be made equal and the separation 
hetweon them can bo conveniently adjusted. A special feature of the not- 
Avork is that the dip frequency is completely suppressed, wjiatover bo thc^ 
separation or the amplitude of the peaks. This cannot ordmarily be obtained 
in a coupled circuit in Avhieh the magnitude of the dip changes ivith change in 
tho coupling and an infinite coefficient of coupling is required to suppress the 
dip frequency completely. 

'IKE NETWORK C O N I’ I G U B A 'V ION 

The iiotw^ork having hvo resonance frequencies is realised by a isascarle con- 
nection of a twm-T R-C network and a selective R-C netivork similar to that 

*Pi‘0St>nti address : Department of Physics, University of Kalymii, nariiiKhala, P,0, 
Mohanpur, Dist, Naditi, West Bengal. 
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used in a Wien bridge oscillator, and is shown in Fig, 1. The latter will hence- 
forward bo referred to as the Wien network for convenience, The components of 
the two networks are so chosen that the rejection frecpiency of the former is the 
sajiie as the frequency of maximum response of the latter. The transfer charac- 
teristic of the Wien network resembles a resonance curve while that of the twin-T 
network is an inverted resonance curve with zero transmission at a particular 
frequency. If these two curves can be multiplied then the overall characteris- 
tic will show the rejection property of the latter and two peaks on either side 
of this null frequency. A true multiplication effect can be obtained by cascading 
the two networks, provided that the output impedance of the twin-T is small 
compared with the input imxiedance of the Wien network. It will bo shown that 
this condition can be satisfied by a proper design of the latter. 



Fjg. 1. Showing tlxo network confi^ration lor obtaining n twin tuning oJlect. 

T If E T W T -N-T N E 'r W O Jl K 

The transfer function of tho twin-T network of Fig. 1 under the conditions 
of zero source and infinite load imiiedanoes is given by 

A = ^ 

^ l—j 2(^’l+A-i)/(a;~] /rr) 

where x = co/coj, is the normalised frequency, coq — 

is the null frequency in radians/sec, and h ^ RJ{2R^) ^ 26^(7^ is a design para- 
meter controlling tho selectivity of the transfer characteristic. Maximising Ay 
with respect to Jc gives a value Jc — i. iSince it is desired to obtain the highest 
possible selectivity for tlie individual resonances in the response of the twin tuned 
circuit, we shall assume a maximum selective twin-T configuration for which 
R^ = 2/^2 — R (say), C\ = OJ2 = C (say), giq = IjiRO) and 
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The resonance frequency of the Wien network is given by w,,' = 

It was shown in an earlier work (Dutta Roy, 1962) that instead of using the con- 
ventional configuration with ^ R^ and (\ = 6\, tlio selectivity of the network 
can be increased by using unequal elements. A design iiaraiueter, n was defined 
as — (RJR-j)^^ — and it was shovui that Q of the circuit increases with 

decreasing n. 

In terms of n, nR^ -= RJn =- R' (say) and nC\ -- C^jn = 0' (say) so that 
too' = \I{R'C'). Since it is desired that Wq wo (thooso R — R' and 0 — O'. 

Then the transfer function of the Wien network is given by 


jn^J^-j-2) 


... ( 2 ) 


With such choice of comiionents, the network of Fig. 1 now takes the form shown 
in Fig. 2. 



Fig. 2. Tho niit/Woik of Fig. 1 rediawn with~i‘hoH('ii vuIuoh of nomponents. 

C TT A R A C r E R. T S T I C S O F 'P H E 1’ W I N T U N Ji] D C I R C tT [ T 

Ft is shown in Appendix 1 that if the source iinxiedance is negligible, the 
transfer function of the network of Fig. 2 is given by 


(3) 


a3-| 2«.+fi 


+,■/ y ( M i!L. ) - ^1 
]6.| I y\ 


j+ :,+ 


2 a+y' 


i+yV 1 


n 16+y' 


where y — x—^ jx. At * = 1 , i.e. to = oIq, the denominator of (3) is infinite and 
therefore the transinissjon is nil. The frequencies of maximum response can be 
obtained by equating the imaginary part of the denominator of (3) to zero. This 
gives on simpMoation 


?/^~“4(?^®4-?^-~2)y®— 64(rt2-fWr+2) === 0 
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Under the restriction that nuist be ;^ositivo for real frequencies the abovie 
equation has the solution 


= 4(w2+rH-2) ... (4) 

11 can be shown that positive frequencies %) satisfying equation (4) have a 
separation given by the square root of the right hand sjde, i.o. 

S = Xq2~'^oi = ... (5) 

Fig. 3 shows the variaticjn of S with n. Minimum sex^aration occurs when n 
tends to zero, the value being given by = 2.83. The response at either 
resonance is given by 

Aq n^l{n^-^2n-\-6) ... (6) 

The variation of A ^ (in decibels) with n is also shown in Fig. 3. 



Fig, 3. Showing the variation of the response at resonance (Ao) and -the separation between 
the peaks (S) with the design parameter of the Wien network (n). 

The separation between the peaks can be adjusted by varying n, TIukS 
requires two potentiometers for and and two decade capacitors together 
with two trimmer capacitors for and (Fig. 1). and are first set to the 
nearest decade value; the trimmers are then adjusted to get exact values, 
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Expression (3) is too much complicated to be manipulated for finding out an 
expression for the selectivity of the twin tuned circuit at either resonance; for jt 
gives an eigh'th degree equation in y (in which all the powers of y are present ) to 
be solved for finding the frequencies at which |.4| — 0.707 .4^. An approxi- 
mate analysis is given in Appendix 2 on the assumption that the input 
impedanc,e of the Wien network {Zi) is far greater tlian the output impedance 
of the twin-T network (Zp). The range of values of n for which this assumption 
is valid is discussed in Appendix 3. The results of the approximate analysis are 
shown in Fig. 4 where the subscripts I and h refer to the lower and the higher 
frocpiency resonances respectively. It is noted that Qi > and that Q for 
either resonance, especially Qi, is appreciably greater than that obtainable with 
the Wien network alone. For example, at n = 1, = 0.67 and = 0.56, 

•while the Wien network gives a Q — 0.33 only. 



Fig. 4. Showing the variation of Qi and Qh with n. 


EXPERIMENTAL RESULTS AND I N 1 E R P K E T A 'f I O N 

The experimentally obtained transmission curves for a rejection frequency 
of 1500 c/s and 7i> = 0.5, 1.0, 2.0 and 4.0 are shown in Fig. 5. It is observed that : 

(i) Each curve has two peaks and a dip. The magnitude of the dip is very 
small compared with those of the peaks. It is approximately the same for all 
the curves. 
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(ii) The separation between the peaks increases with increasing n approxi- 
mately in accordance with (6). 

(iii) The magnitude of the peak response increases with inci easing % approxi- 
mately in accordance with (6). 

(iv) The lower frequency resonance is sharper than the Jiigher frequency 

one, 



fQE QUEfic V. c/s ► 


Fjg 5. Exporiinontally obtained trousmiBsion curvon of tlio twjn^lunod oiicuit foi a 
rejection frequency of J 1500 c/s .and « == 0.5, 1.0, 2,0 and 4.0. 

The magnitude of the dip is not perfectly zero; the discrepancy is caused by 
two factors, viz., (i) harmonics in the output of the oscillator used to measure- 
the curves and (ii) stray capacitances. 

The unequal peaks observed in the experimental curves may be due to one 
or more of the follow^mg reasons : (i) slight difference between cog and Og' resulting 
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from use of components correct to not more than two significant figures, and (ii) 
asymmetry in the response of one or both the networks resulting from (a) stray 
capacitances and /or (b) unequal harmonic generation by the oscillator in 
the low and high frequency bands. The word ‘asymmetry’ of course refers to 
the plot of amplitude transfer function versus log^o (frequency) 

CONCLUSIONS 

In what has been discussed so far, the twin-T network has been assumed to 
be fixed and the effect of a variation in n has been considered. This is convenient 
from practical point of view, because changing k will not only change the separa- 
tion but also the rejection frequency; to have a symmetrical response curve with 
equal peaks, one has to change simultaneously all the components of the twin-T 
as well as the Wien network. 

Nevertheless, when a fixed separation and null frequency are desired, a value 
k-f \ may bo used. The relevant equations may be obtained from an ap- 
luoximate analysis (assuming Zq << Zi) as 

S == {2(%2+2)(P+/r-i)}i 

A = _ 

"For getting equal peaks, the Wien network resistance and capacitance parameters 
JR' and C' are to be so chosen that 

The salient characteristics of the twin tuned B-C network can now be sum- 
marised as follows : 

( 1 ) It has two resonance frequencies and a frequency of very high (tlieo- 
retically infinite) attenuation in between them. 

(ii) The magnitude of the peaks are equal when the null frequency of the 
twdn-7’ network is the same as the resonance frequency of the Wien netw^ork 
and when the individual response curves are perfectly symmetrical, any devia- 
tion from these two conditions will result in unequal peaks. 

(iii) The frequency separation of the two peaks can be oonveiiiently ad- 
justed by keeping the twin- 7^ network fixed and by varying w, the design para- 
meter of the Wien netw'^ork. 

(iv) The Separation cannot bo decreased indefinitely, a minimum value 
of 2.83 (normalised with respect to the rejection frequency) being reached when 
n tends to zero. 

(v) The magnitude of the dip and the frequency at which it occurs are 
independent of the separation or the height of the peaks. 

6 
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(vi) The lower frequency reaaonance is sharper than the higher frequency 

one. 

(vii) Q for either resonance is appreciably greater than that obtainable with 
the Wien network alone. 
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APPENDIXl \ 

Looking back from the junction A B (Fig. 2), the source (assumed to have* 
zero internal impedance) and the twin-T network can bo replaced by an equivalent 
Thevenin generator having an open circuit voltage given by 


JE = Ayi = 


E’ 


and an internal impedance Zq equal to the output imj^edance of the twin-T net- 
work with the input terminals short circuited i.o., 


® (w'¥1)“H-2w 


... (7) 


where u = j<jiCR = jx. The impedance of the series {Z^) and the shunt [Zn) 
arms of the Wien network can be written as 

Z^ — R(u-{-l)l{nu) and Z^ — Rnl(u-\-l) 

Therefore, 


A = EqIEi = {EJEg). {EjEt) 

^ Z^ 1 

* 1— 


Substituting for the various impedances, simplifying and separating into real 
and imaginary parts leads to the expression (3) of the paper. 
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APPENr)lX2 

Roferring to Fig. 2, if << Z,, then J Aj,A^y , where Aj. ami are 
given by (1) and (2). The resultant expression is normalised with respect to the 
resonant response given by A^ = and simplified. The result is 

i— 

1 . _ § 

^-rj y , 

The frequencies at which \An \ = 0.707 can be found from the above as given 
by the following equation 

y2(|t4^20?i®-b52)+16(#+4:»®-l-4) “ 0 

This gives four values of y of which two are positive and two negative, correspond- 
ing respectively to the higher and the lower frequency resonances. Each value 
of y gives a positive value of xi let those be denoted by and Xi 2 for tlie negative 
values of y and xjti and Xi^^ for the positive values of y. The resonance frequencies 
in this case are given by 

Vo^ = 4(^^+2) 

The positive values of .r, satisfying this equation are 
% = 

= (7t2+3)i-f 

Finally, Qi and Q/, are computed as 

Qj = -?«L and Q„ = 

Xii Xiz Xt^i Xi,2 


APPEND! X— 3 

Referring to Fig. 2 and Appendix 1, 




7^U(^C+l) 


Zq is given by expression (7) in Appendix 1. The ratio 

_Zo __ 

^ “ Zi {(w+l)®+2w}{(tt+l)HwM 

is a measure of the loading of the twin-T by the Wien network at the junction AB. 
The loading will be negligible when r << 1. Simplification of the above expres- 
sion gives 

2n 

( +•>’*'( my) 


r = 
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The expression is similar to the response of a tuned circuit; as the frequency is 
varied, r will he a maximum when 

2 /* == 2 ( 718 - 2 ) 

The maximum value of r is — 2nl(6+n^), Fig. 6 shows a plot of versus 
n. The curve has a maximum at dr^Jdn = 0, i.e., at ti = 6^. The absolute 
maximum value of r is 0.408. Since the resonance frequencies of the twin tuned 



Fig. 6. Showing the variation of {ZolZi)max with n. 

circtiit given by (4) are away from those at which r is maximum, the actual 
loading in two small bands of frequencies centred around the former will be 
less than that given by the curve. If r^ax = ^1-2 is taken as the tolerable limit., 
then the analysis of Appendix 2 will be valid for 8 < n < 0.8. 
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PERMANENT MAGNETS AND THEIR APPLICATIONS; By R. J. Parker 

and R. J. Studdere. Published by J, Wiley and Sons, N.Y. and London. 

Pp. 406, Price i 16.00 

The book consists of nine chapters, dealing with the basic concepts of magne- 
tism, the theory of magnetization and the vast differences in the ferromagnetic 
behaviours of magnetic materials in practice depending upon impurities, admix- 
tures, thermal and mechanical histories of the materials etc. v^ith specific reference 
to permanent magnetization. The authors have attempted to explain variuus 
difficulty understood practical problems so that magnetic performances of spotiific 
materials used for permanent magnets may become to a great extent predictatable 
and reproducible. 

This is a book particularly valuable to permanent magnet designers as well 
as persons interested in the application of permanent magnets in a variety of 
toohnitiues ranging from motors and generators, measuring instruments to various 
electromagnetic control devices and recorders. 

Beginning with a historical outline of permanent magnets the authors carry 
us through successive chapters on some basic principtes and theory, the properties 
and manufacture of magneticj materials, calculations on design of permanent 
magnets, their magnetic, performance data, applications in various electromagnetic 
and magnetic instruments, the process of magnetizing and demagnetizing of 
magnets, stability characteristics of magnets and measurements of poimanont 
magnet characteristics. 

A glossary of terms and them definitions and an index as usual completes 
the book The 20 pages of the historical chapter are informative but might have 
boca more profitably replaced by giving greater details of manufacturing processes 
and specific applications. Eor the size the book appears to be too highly priced. 

A. Bose 


KESEAHCHES ON METEORITES; Edited by C. B. Moore. Publiahed 
by M/s J. Wiley and Sons, New York and London. Pp. 277. Price not 
mentioned. 

This book is a collection of twelve research papers by different authors and 
is based upon the pi’oceedings of a symposium on meteorites hold at the Arizona 
State University in 1961, The papers represent variety ot subjects of meteorite 
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reeoarch, such as importance of meteorite investigations and problems of speci- 
man recovery and use, minerological and petrological aspects, nuclear studies, 
jnotaUurgical studies, relationship of meteorite studies to the Earth and the origin 
of meteorites, The pajjcrs included generally contain a review on the respective 
subjects as well as the author’s own contribution and a useful bibliography. 

In view of the very recent interest in problems in connection .with inter- 
planetory space and also in view of the fact that meteorites are the only major 
source of extra-terrestrial matter available for investigation, any work on pro- 
perties and behaviours of meteorites will naturally be of great importance. A 
collection (first of its kind) of such works as are included in the present volume 
will therefore bo of much helj) to all workers in this line. The publisliers have 
certainly done a good work in timely bringing out such a A’^olume. 

A. Boso 


PROGRESS IN ELEMENTARY PARTICLE AND COSMIC RAY PHySl(\S 

VOLUME IV — Edited by J. G. Wilson and S. A, Wouthuysen, Pp. 4-70 \ xii. 

North Holland Publishing Company, Amsterdam, 1958. Price 45 guilders. 

This is the fourth volume of the series of reviews published earlier under 
the title ‘Progress in Cosmic Ray Physics’. The elementary particle has been 
included in the title of the present volume in view of the fact that much experi- 
mental work on strange particle’ is now being done in the laboratory with the 
help of large accelerating machines. There are altogether five chapters ^'^ritten 
by different authors and each chapter lias an introduction. 

The first chajiter written by B. D’espguat and J. Pieiikti deals with some theo- 
retical aspects of the strong interactions of the new particles. A table giving 
the nomenclature of these particles along with their properties and brief discus- 
sions on observed reactions are included in the Introduction to this chapter. In 
Section 1 of tliis Chapter the role of thb isotopic spin and the new quantum number 
S, the strangeness, in different kinds of interactions is discussed and the selection 
rules for the interaction processes are deduced. Section 2 deals with a theory 
different from the pheomenological one and involving rotations and symmetries 
in a three dimensional spin-space and the theories in four dimensional spin-space 
are discussed and compared with the former theory in Section 3. The next section 
deals with compound models suggested for hypersons and mesons. Some other 
features of strong interactions, such as parity doublet theory and the interaction 
Lagrangian are discussed in Section 5. The last section gives the summary and 
conclusions- There is an Appendix dealing with some properties of spinors. 

Chapter II contributed by W. D. Walker deals with the properties an^ pro- 
duction of K-mesons. The properties discussed include decay modes, masses, 
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lifetimes, spin and parity of the K-mesons. Section 6 of this chapter is devoted 
to interaction of K-niesons and in the last section the possibility of mixing up of 
two different particles to produce an anomalous particle has been discussed briefly. 

Chapter III contributed by C. N. Fowler and A. W. Wolfendale deals with 
the interaction of /^-mesons with matter. Starting with discussions on classical 
eloctromagnetic interaction of /t-mesons including collisions with free electrons, 
hremsstrahlumg, pair production, etc., various other interactions, such as scattering 
of ///-mesons by nuclei, non-classical electromagnetic interaction's and the uni- 
versal Fermi interaction involving weak interaction between half-spin particles 
have been discussed in great* detail in this chapter. Beautiful photographs 
of cloud chamber tracks of F-particloa secondaries, (S-parlielo secondary and 
penetrating particles constituting a shower have been reproduced as illustrations. 

The fourth chapter dealing with the primary cosmic radiation and its time 
variations has been contributed by S. F. Singer. Tn Sect/on 1 of this ohajiter the 
geomagnetic theory first put forward by Stormer and expanded by Leinaitre and 
Vallarta has been discnissed in detail and twentyfive graphs showing the two 
coordinates of the asymmetric velocity vector of the particle, north latitude and 
longitude angle, for different latitudes of the observer have been reproduced. 
Section 2 deals with composition of primary cosmic radiation. The abundance 
of the light elements and the fragmentation theory have been discuseil in this 
section. The next sections deal respectively with the iirimary proton 8])e(!trum, 
the primary alpha-particle spectrum and the latitude cut off ‘knee’. The methods 
for studying jirimary variations have been discussed in Section 6 and solar flare 
increases and possible mechanism for such increase has been discussed in Section 
7 . The next two sections deal wnth magnetic storm effects and secular variations 
of primary cosmic rays. Tn the last section some conclusions have been drawn 
and some outstanding problems have been enumerated. 

The work on the origin of cosmic radiation has been reviewed by V. L. Ginzburg 
in Chitptor V. In section 1 of this chapter, the composition and energy spectrum 
of the primairy cosmic radiation just outside the boundary of oath’s atmosjihere 
liiivo b0en discussed. The next section deals with magnetic hremsstrahlung 
nature of cosmic radio emission and the distribution of cosmic rays in the 
galaxy. Section 3 deals with movement of cosmic particles in the interstellar 
medium and in the next section the possibility of Supernovae and Novae as 
source of cosmic radiation has been discussed in great detail. 

There is an author index at the end of the volume and at the end ol each 
chapter a list of references has been included. 

This brief review will show^ that this volume will serve as a very valuable 
reference book which is extremely useful to research workers interested in cosmic 
l ays and nuclear physics. Probably by this time many of the scientific libraries 
have already acquired this volume and those Avhich have not done so may find 
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it worthwhile adding this volumo to their lists in order to posses the comploto series, 
the next volume of whieh has already been published. The get up of the volume 
is excellent. ‘ , 

8. a. 8. 


NDCLEAE REACTOR PHYSICS— By Raymond L. Murray, Pp.315+xi. 

Macmillan "and Co. Ltd., London. 1959, Price 30s. 

As mentioned in the preface the material presented in the book is based on 
a series of undergraduate and graduate courses given by the author during 1950-54 
in the Nuclear Engineering Curriculum at the North Carolina State College. 
The first chapter starts with nuclear reactions which take place in reactors and 
then different types of reactors are briefly described. The second chapter deals 
with different moderators and the expressions for flux of neutrons of differoni 
velocity ranges are deduced. The methods of calculating the critical size and fudl\ 
content of simple reactors have boon discussed in Chapter 3. The propertied \ 
ofiietorogenoous reactors and theoretical methods of determining those properties \ 
have been discussed in Chapter 4. The two-group theory, taking into account the 
thermal and fast neutron groups, has been fully discussed in the fifth chapter. 
The variation of power of a reactor with time has been investigated theoretically 
in Chapter 6 and the next chapter deals with temperature effect on the multi- 
plication factor*. Chapter 8 deals in detail with the moans by which safe operation 
of a reactor can be guaranteed and describes various methods controlling the 
reactor. The transport theory for neutrons of one speed is discusstMl in^ Chapter 
9. The various methods of solving the energy- dependent transport equation on 
different simplified assumptions have been correlated and a particular mulii- 
grouj) method has been discussed in the last chapter. There are three appendii-es 
dealing with Bessel functions, physical constnts and Laplace transforms res- 
pectively. 

The special feature of this volume is the inclusion of a large number of nu- 
iiierital problems in each chapter and also solutions of some of them. This requires 
intimate knowledge about the theories and their applications in actual reactors, 
and evidently, the author not only possesses such practical experience but has 
also made valuable contribution to such theories. Any serious student going 
through tlie book will be able to grasp the fundamentalB of the various theories 
involved in the working of a reactor and if he cares to work- out the examples 
he will soon become a reactor engineer. Probably by this time many students 
have read the book and found it very useful. The book is useful not only to those 
who want to take up the course of Nuclear Engineering but also to nuclear phy- 
sicists who want to acquaint themselves with the principles of working of nuclear 
reactors. It will, of course,' serve as an ideal text book. 


8 . 0 . 8 ^ 
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ON CLASSIFICATION OF SWITCHING FUNCTIONS 
Part II 

A. K. CHOUDHUEY and M. S. BASU 

Institute oe Radio Physics and ISljcctuonics, 

UNnTBHSITY OE CAIiCUTTA 

{Received December 20, 1901) 

ABSTRACT, of classifying H-vanable switching lunftions and finding out 

tiio ropi'osontative functions of the differont equivalence clafiseB liave boon pi-osontod in this 
paper Tho gooinetrical concept of switching functions has boon utilised for this pui'iiose. 
Bepresontatives of all the equivalence classes of 4-varmble functions havo been found out and 
presented in a table which ctm bo conveniently used for finding out tho equivalonoo class to 
which any given function belongs. 

INTRODUCTION 

In the Part I of this paper the geometrical concept of representing switching 
functions as nodes of unit w-dirnensional cube has been utilised for establishing 
tho necessary and sufficient conditions for two functions to belong to the same 
eipiivalonce class. Tho geometrical structures of two functions belonging to the 
same equivalence class must bo identical. This concept vill be utilised for broadly 
classifying the functions of n-variables and for ultimately recognising the repre- 
sentatives of tho different equivalence classes. If w^o write down tho decimal 
numbers corresponding to the terms of any function in ascending order, then that 
function for which this represents the smallest number with a sufficiently high 
I'lidix is branded as the representative of the equivalence class to which it belongs. 
It follows therefore that all such representative funettons will begin with the term 
0 . 

By methods developed in this paper, representatives of all tho equivalence 
class of 4-variablo switching functions ^vlll be found out. 

SOME PROPERTIES OP THE WEIGHTS OP TERMS 

In our method of classification, tho sum of the weights of the terms of a func- 
tion will play a significant part. So it ■will be helpful to investigate at this stage 
some properties of the weights of the terms of a function. 

I, If we find tho sum of the weights of the terms of any function, we count 
each 1-cell twice. Hence. 

Thtt, sum of the weights of the terms of any function must he even. 
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, II. If we remove any term with weight K from any function, wq take away 
K I -cells incident with that term. The sum of the weights in the function is 
therefore reduced by 2K. If we remove b nodes fiom a unit >i-cubo to fcjrm a 
function and if the sum of the weights of those h nodes of the function >)e S then 
it follows that the sum of the weights in the complementary function is 

Sc = nx2^~{bx2n-S) ... ( 1 ) 

III. In a function with terms, the sum of the weights will bo xnaximum 
if the 6 terms can form a K-aeW, so that b — 2^. The weight of each term then 
becomes equal to K and sum of the w^eights becomes bxK = Kx2^^. The total 
number of 1 -cells in the function becomes — Kx2^~^, In the Table f is shown 
the maximum value of the sum of the weight {8 ^^ax) when b has different values 
corresponding to /l — 0, 1, 2, 3, 4. 


TABLE I 


K 

h ^ 2^' 

^max 

0 

1 

0 

1 

2 

2 

2 

4 

8 

3 

8 

24 

4 

1C 

64 


IV. The above idea can be extended for finding out for a function 

having any number of terms It should bo understood that the actual number of 
variables m any function may be quite large, but the sum of the weights of the 
terms will tend to a maximum value when the different nodo.s representing the 
terms arc situated in a close formation in the unit culie model, that moans, the 
dimension of the body of tjie function become.s minimum compatible wdth the 
number of terms. Hence for finding out the maximum value of the sum of the 
w^eights when the number of terms of the function is three, we can consider it 
to be the complementary function of a function with only one term in two variables. 
So using equation (1) and Table I, 

-8=m« = 2x2Ml-2.2-0) = 4. ■ ■ 

Similarly, 

= 3x2»-(3x2x3~4) = 10. ~ 

if we assume the function with five terms as the complementary function of a 
function with three terms in three variables. 

Table II gives the values of different values of number of terms in 

a function up to 6 — 16. 
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TABLE II 


b 

Strtaz 

h 

^max 

h 


1 

0 

7 

18 

13 

44 

2 

2 

8 

24 

14 

50 

3 

4 

9 

20 

15 

50 

4 

8 

10 

30 

•16 

04 

5 

10 

11 

34 



6 

14 

12 

40 




CLASSIFICATION OF FUNCTIONS OF N-VARIABLES 

We shall now consider how the different functions of w-variables can be 
subdivided into different classes or groups. The fii'st and obvious group will bo 
tlie one in which all Ifie members are functions composed of only one true state 
or term. The total number of members belonging to this group will bo 2"(7j. 
The next group will be formed by functions each of whitjh has only two terms. 
The total number of members of this group will be In general, the iT-th. 

group will be composed of functions having K terms eaiih. The total number 
of niombcrs belonging to the if-th grouj) will be This method of subdivi- 

sion will be continued up to groups, because functions with larger number of 
terms will be merely complements of functions included in the lower order groups. 

Nov\ if wc consider any one of such groups, the members of it can further 
be subdivided into sub-groups on the basis of the number of 1 -cells present in the 
function. Thus in a 4-variable function composed of six terms, we have seen 
that the maximum value of the sum of the weights is H which corresponds to 
7 1 -cells present in the function. The six terras of the function can present other 
structures coiTosponding to the presonee of b, 5, 4, 3, 2, 1, or 0 l-cells. Thus 
the group which is composed of functions having six terms can further be sub- 
divided into eight subgroups, the total number of 1 -cells present in the members 
of each subgroup being same. The Table III gives the suh-classes ot each 
group on the basis of the number of 1-cells present in the functions of 3 and 4 
variables. 

It will bo observed that in the 4-variable functions all possible values of the total 
liiimber of l-cadls from maximum to zero do not occur in some of the groups. 

If we consider the subgroups of any group, these subgroups can be further 
subdivided on tlie basis of int/eroonnection of the 1 cells and the relative separa- 
tion between terms. Two functions having different interconnections of the 
L-cells or different relative separations between the terms (with identical number of 
1-cells) will belong to different equivalence classes. As an example we considers 
the subgroup with zero l-oell in the group 2 of 4-variable functions. Functions 
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TABLE III 


numbor of 

Group 

Total 

Total 

Sum of the 

variables 

number 

number of 

number of 

weightH, 



true states 

one colls 


3 

1 

1 

0 

0 


2 

2 

1 

2 



2 

0 

0 


3 

3 

2 

4 



3 

1 

2 



3 

0 

0 


4 

4 

4 

8 



4 

3 

6 



4 

2 

4 



4 

0 

0 

4 

1 

1 

0 

0 


2 

2 

1 

2 



2 

0 

0 


3 

3 

2 

4 



3 

J 

2 



3 

0 

0 


4 

4 

4 

S 



4 

3 

G 



4 

2 

4 



4 

1 

2 



4 

0 

0 


5 

' 5 

rj 

10 



o 

4 

8 



r» 

3 

G 



5 

2 

4 



5 

1 

2 



5 

0 

0 


6 

0 

7 

14 



6 

G 

12 



6 

S 

10 



(i 

4 

8 



fi 

3 

6 



6 

2 

4 



6 

1 

2 



0 

0 

0 


7 

7 

9 

18 



7 

8 

16 



7 

7 

~ 14 



7 

6 

12 



7 

5 

10 



7 

4 

8 



7 

3 

6 



7 

2 

4 



7 

0 

0 
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TABLB III (contd.) 


ixuniborof Giroup Total Total Sumoltlip 

variablos number number of number of weigh! a, 

true sttttoa one celle 

8 12 2 i 

8 10 20 

8 9 18 

8 8 10 

8 7 U 

8 6 12 

8 5 10 

8 4 8 

8 3 0 

8 0 0 


(0, 3), (0, 7), (0, 16) all belong to this group. But the mutual separation between 
the terms in each of the above functions are difforent. Hence though they are 
included in the same subgroup, they must belong to different equivalence classes. 

MiETHOB FOB FINBlNCiBEjP B E « E N T A T 1 V E S OF TKE 
BIFFEBENT EQUIVALENCE CLASSES OF 3 ANB 4 
VAKtABLE FITNCTIONS 

For finding out the representative functions of different equivalence classes 
■WG shall utilise one chart which can be called ‘‘distance chart.” The chart is cons- 
tructed in the following manner. A squared paper is taken. Numbers 0, i, 2, 3, 4 
... 15, which represent different t.enus of 4 variable functions are written at 
the top as column headings. Similarly, the rows are also mai'kod by the same 
numbers 0, 1, 2, ... 16. Any square on the graph is designated by its row and 
column numbers. Now let us take up the row 0. Wo knou' that the term 0 
differs by one variable from the terms 1, 2, 4, 8. The squares 0—1, 0—2, 0—4, 
0—8 are marked by dots at the centre. Again the terms 0 differs by two variables 
from the terms 3, 5, 6, 9, 10, 12. So the squares 0—3, 0—6, 0—6, 0—9, 0— 10 
and 0—12 are marked by UTiting the number 2 inside each of them. Similarly, 
the squares 0—7, 0 — 11, 0—13 and 0—14 are marked by the number 3 and the 
square 0—15 is marked by the number 4. In this way all the difforent rows are 
considered. Then an oblique line is drawn wherever there is a dot in the centre 
of a square and the consecutive oblique lines are joined. There ^vill be one conti- 
nuous diagonal line and other off-diagonal oblique lines in shorter or longer 
sections. The squares through which oblique lines do not pass are marked 2, 3 
or 4 depending on the relative separation between the terms which designate those 
squares. A distance chart for 4 variables is shown in Fig. 1 . 

Now first of all we shall consider functions composed of a single true state. 
We shall call the tetms “O'* as the representative of this equivalence class, as this 
is the smallest number. Next wo consider functions composed of two true states. 
We shall add one more term to the term “0”. The number of 1 -cells luesont in 
the functions formed in this manner can either be 1 or 0, depending on the 
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term that is added with the term “0” to form the functions. All tlie functions 
that will have one 1 -cells will ^possess identical cell structure and as such belong 


0tt3ASe789JOJi 



Fig. 1 . Distance chart fo¥ 4 variables. i 

to the same equivalence class. Hence they kre represented by the funotiopi 
(0, 1). In the other functions there will not be any 1-cell present but the squared 
of the relative distances between the terius may be either 2 or 3 or 4. All the ' 
functions, in which the distance betw^een the teritis is ^"2 belong to the same 
equivalence class. Consulting distance chart we find that functions S(0, 3), 
11(0,5), 21(0,6), 2(0,9), 2(0, 10), 2(0, 12) etc. belong to this equivalence class 
and the function 2(0, 3) is chosen as the representative of this class. Similarly, 
function 2(0, 7) represents an oquivalonco class in which the distance between 
the terms is \/'S and function 2(0, 16) represents the class in which the distance 
between the terms is y'J. Thus it is found that all the functions of 4 variables 
which consist of tAvo true states can he divifled into 4 equivalence classes Vi tli the 
following representative functions : 


Function 
0 , 1 
0,3 
0,7 


1 


0,16 J 


Number of 1-cell 
1 

0 


Now by adding one more term to each of these functions and consulting the distance 
chart we can find out the equivalence classes of functions liaving three terms. 
First of all the function taken is 2(0, 1). The number of 1-cells present in this 
function is 1 and that is designated by in the table given below. Now consult- 
ing the distance chart we find out the relative distances when one more term is 
added to this function. The chart is tabulated as shown belew : 


0 , 1 


2 3 4 5 6 7 8 9 10 11 12 13 14 15 

'/ij 0 I 2 I 2 2 3 1 2 2 3 2 3 3 4 

2212121322132324 3 


61 22221122111111 
14 1 XXX XXXXXXX X 
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Thus when the term 2 is added to the function S(0, 1), the square of the di 8 ta^ 0 QS 
of the term 2 with 0 and 1 respectively will he 1 and 2. SiiAilarly, the term 3 
has the square of distances from 0 and 1 as 2 and 1 respectively. For the term 
14 these values are 3 and 4 respectively and so on. With the addition of one more 
term to the function S (0, 1) there may or may not bo the addition of one more 
1-cell. Thus in the functions Z{0, 1, 2), S(0, 1, 3), S(0, 1, 4), Z(0, 1, 5),S( 0, 1, 8), 
etc. there is addition of one more 1-oell and the value of becomes 2 for these 
functions, whereas in case of the functions S(0, 1, 6), S(0, 1, 7), 21(0, 1, 10), etc. 
the number of 1 -cells remains unchanged, i.e., 1. The value of Uj of each 
new function is indicated in the last but one row of the chart. 

From the chart it is observed that the relative distances of the terms 2, 4 
and 8 with respect to the terms 0 and 1 respectively are all same. It is also observed 
that for the terms 3, 5 and 9, the relative distances with respect to 0 and 1 are 
again identical and in these caso-i the same distance i are coming in the reverse 
order when compared to the case of the terms 2, 4 and 8. With this information 
it becomes easy to lest that the functions 51(0, 1,2), 5(0, 1, 3), S(0, 1, 4), 5(0, 1, 5) 
5(0j 1, 8), S(0, 1, 9), all belong to the same equivalence class and the function 
5(0, 1, 2) is the representative of this class. Similarly, observing the relative 
distances of the termeO, 7, 10, Jl, 12 and 13 with respect to the terms 0 and 1 
respective^, it is concluded that the function 5 (0, 1, 6), 5(0, 1, 7), 5 (0, 1, 10), 
5 (0, 1, 11), 5 (0, 1, 12) and 5 (0, 1, 13) belong to same equivalence class which 
is distinct from the previous one and the function 5 (0, 1, 6) is their represen- 
tative. Similarly, 5 (0, 1 , 14) represent still another equivalence class which 
includes the function 5 (0, 1, 15). These representative functions together with 
their values are noted on tho left side. The functions are cross marked at 
the botton row as shoum to indicate that they have been represented. 

Similarly, we lake up the function S (0, 3) and proceed m the same manner 
and tabulate as shown below ; 

'Wj=0 1 2 4 5 6 7 8 9 10 11 12 13 14 15 

0, 3 .5 0 1 1 1 2 2 3 1 2 2 3 2 3 3 4 

12 311 3 221 3 2214332 

13 2 2 1 0 0 1 1 0 0 1 0 0 0 0 

XXX XXXXXX XX 

The function 5(0, 3, 1) has akeady been considered and belongs to an equivalence 
class which is represented by 5(0, 1, 2). The function 5 (0, 3, 2) belongs to this 
Kinie equivalence class. The functions 5(0, 3, 5), 5(0, 3, 6), 5(0, 3, 9), 5( (0, 3, 10) 
belong to the same equivalence class as they present identical stj'uctures regard- 
ing number of 1- cells and relative distances. The representative function is 
S( (0, 3, 6). Similarly 5 (0, 3, 12) and 5 (0, 3, 13) represent two other equivalence 
We are now left with the functions 5 (0, 3, 4), 5 (0, 3, 7), 5(0, 3, 8), 
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S(0, 3, 11). They are found to present identical structure regarding the number 
of 1 -cells and relative distances. So they are within the same equivalence class. 
But we shall have to se ^ whether this is any new equivalence class or one of the 
equivalence classes already found out when the number of 1- cells is one. It is 
seen that the function S (0, 1, 6) and S (0, 3, 4) belong to the same equivalence 
class. 8o X (0, 1, 6) is representative of this equivalence class also. 

In this way we can find out the other equivalence claages for functions having 
three true states. Then we can add one more term to each of the representative 
functions having three terms and can obtain the representatives of the equivalence 
class with 4 true states. For this we tabulate the number of 1- cells, contained 
in each function obtained by addition of ons term and relative distances as ex- 
plained previously by consulting the distance chart. Then we can pick up the 
functions which belong to the same equivalence class and mark their representative 
functions. Thus we see that this method enables us to find out all the equivalencOj 
classes, the procedure being very systematic and applicable to any number oh 
variables, if we are given any function having K terms, we can always say what' 
new equivalence classes are formed if wo add one more term to the function to \ 
make the number of term equal to Z’-f-l. \ 

The concept of the unit w-dimensional cube, the vertices of which represent 
the terms of n-variable switching functions can be utilised in a still different way 
for finding out all 1h“ equivalence clasgog. The method can be called method 
of analysis as distinguished from the method just presented which may be called 
a method of synthesis. The procedure for doing this can bo briefly outlined as 
follows. Let us consider four variable functions. The complete unij 4-cube 
will consist of 16 vortices. Four 1- cells are incident with each vortex so that the 
weight of each vortex is four and in the complete 4-cubo the sum of the weights 
of all the vertices is 64. Now if wo take out one single term out of it, there wiU 
be 15 vertices left in the 4-cubo. Four terms will have their weights reduced 
by one, i.e., their weights become 3 and other 11 terms wiU be unaffected and 
their weights will still be equal to 4. This same picture will be presented whatever 
single vertex we take out. The term that is taken out may be called a function 
having a single true state and “0” may be called as the representative of this 
equivalence class. The unit 4-cube with 15 vertices left is its complementary 
function. 8o it is evident that the sum of the weights in the complementary 
function will bo 4x3+11 X4 = 56. 

The function in the present case has only one term having a weight 0 and 
terms having weight 4, 3, 2 or 1 are absent. This is represented by writing the 
number (0, 0, 0, 0, 1) and is called the weight distribution vector of the function. 

It follows that the weight distribution vector of the complementary function is 
(11, 4, 0, 0, 0) which moans that in the complementary function there are 11 
terms with weight 4 and four terms having weight 3. Terms having weight 2, 

1 or 0 are absent. 
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Weight distribution vectors of a function and its complement remain 
invariant under all permutation and priming operations and those can be found 
very easily by means of mechanised grouping chart (Ohoudhury and Basu, 1962). 

In order to find out the representative functions with two true states we shall 
take one more vertex out of the n-cube. This will make the number of terms 
in the complementary function equal to 14. The term that wo take out may 
be one having a weight three or one having weight four. In the former case 
the sum of the weights in the complementary function will be reduced by six and 
it 'will become 50. In the latter case it will become 48. Thus if M'-e take away the 
terms (0, 1) or (0, 2) or (0, 4) or (0, 8), the sum of the weights of the function in 
all cases is 2 and sum of the weights of the complementary function is 50, and 
weight distribution vectors of all the above functions and their oomploinentary 
function are identical and on testing they are found to belong to the same equi- 
valence class. Function 21(0, 1) is taken as the representative of the class. For 
finding the representative of the function with three states by adding one more 
l«rm to tbo fimction S(0, 1), we keep a record of the complementary function 
of the function S (0, 1 ) along with weights of the individual terms of the comple- 
mentary function. Thus after we have taken out the terms (0 and 1), the com- 
plementary function has the terms, 2, 3, 4 ... 15 and weights of the terms respec- 
tively are (3, 3, 3, 3, 4, 4, 3, 3, 4, 4, 4, 4, 4, 4). Similarly, if we take out the term 
0 and any one of tho terms 3, 5, 6, 7, 9, 10, 11, 12, 13, 14 or 15, the sum of weights 
of the camplementary function is in each case equal to 48. But all these functions 
obviously cannot belong to tho same equivalence class because neitJior the ratios 
of terms with odd number of I’s to those having oven number of I’s 
are all same nor are the distance vectoris of the teriris are same in the different 
functions. Also tho Avoight distribution of the complementary functions are not 
all identical. On testing wo find that the functions S (0, 3), ^ (0, 5), 2J (0, 6), 
^(0, 9), S (0, 10) and S (0, 12) belong to tho same equivalence class, and S (0, 3) 
is taken as representative of tho class. Similarly S(0, 7), S(0, 11), S(0,13) 
and S (0, 14) are found to belong to the same equivalence class and S (0, 7) is taken 
as the representative of tho class . S (0, 15) represents another equivalence class 
This completes the list of all the rej^resentatives of the 4 variable function witli 
two true states. In this way we can proceed step by step, taking one term out 
at each stop from the unit 4- cube. We examine the weight distribution and sum 
of the w'^eights for the funedions so formed and also for the complenemtary func- 
tions. in forming functions with K~\-\ true states, we first lake the function 
having the lai’gest sum of the weights A^ith K true states and associate with tho 
iT-terms different terms of its complementary function one at a time. We collect 
aU these functions with Kd-1 terms so formed into groups. Those functions 
for which weight distribution as well as the weight distribution of their comple- 
mentary functions ore identical are collected into one group, Fi'om th© list we 
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select the representative functions of the equivalence class by testing the functions. 
We try in a similar manner with all the functions with K true states. The proce- 
dure can be easily systemised. In Table IV are given the representatives of 
the equivalence classes of 4 variable functions. TJie table contains all the re- 
pre.scntative function with upto 8 true states. In the columns with heading 
Wd and Wd in the table are given the weight distribution vectors of the represen- 
tative functions of the equivalence classes and their complementary functions 
respectively. A study of the table will reveal that majority of the functions 
differ in having different weight distrib^on vectors of the complementary func- 
tion. However, there are certain functions wliich have identical weight distribu- 
tjon vectors and the weight distribution vectors of their complementary functions 
are also same. In the remark column is entered the easiest possible test that has 
to be applied for distinguishing between the representative functions. Hence, 
the table can be used for finding the class to which a given four -variable function 
belongs. 

EXPLANATION AND MKTITOD OV USING THE TABLE 
FOR FINDING THE EQUIVALENCE CLASS OF A 
GJVEN 4-VARIABLE FUNCTION 

The first column headed by (J gives the total irumbor of true states for the 
function. The column “V” gives the serial number of the function. The 
column '‘f” gives the representative function. Symbols Wd and Wd have already 
been explained. In the columns H and B are sum of the weights of the function 
and their complements l espoctively. In the remark ijoliimn is entered the pro- 
cedure foT‘ distinguishing between the different ropre.soritative classes wljen they 
cannot bo distinguished on the basis of the weight distribution vector alone. 

For finding the equivalence class of a given 4-vaiiable function, we first find 
out the weight distribution veiitor of the given fiinction, This can be done very 
easily with the helji cjf a metihanised grouping chart. Next Ave compute the sum 
of the weights of the function. Wo searcli in the table amongst the functions 
having same sum of the weights for a function which have Wd identical to the 
given function. If there happen to be more than one function having the same 
wd, we compute for the given function and again ‘search in the table. If 
wd and Wd are not distinct for the function, we finally apply the test procedure 
suggested in the remark column to find out the class. ^ 

OON.CLUSION ~ 

The methods presented in this paper ai*© quite straightforward and applicable 
to any number of variables. The tables furnished which contain a list of all the 
equivalence classes of 4-variable functions can be very conveniently used for 
searching out the equivalence class to which any given function belongs. It is 
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oboerved that in most oases the weight distribution vector of the function and 
its complement are sufficient indications for recognising the equivalence class and 
ambiguity arises in very few (jases. These vectors can bo easily computed with 
the help of mechanised grouping chart. 
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ABSTRACT.’ In this paper tho authors have calculated by the method of Bom approxi- 
mation fcho clastic Kcattering cross -section of fast protons by a prolate spheroidal nucleus ; tho 
nuclear potential is mpresentod by a complex rectangular well of constant depth and 
sharp cut-off and l^he Coulomb potential is taken to be that due to a uniform distribution 
of tho protons witliin the nucleus. Numerical results for tantalmn nucleus {A = 171, 
Z = TA) are m fair agroumont with the experimental data. 

INTRODUCTION 

The miclear shell model predicts that the heavy nuclei which are away from 
the closed shells possess non -spherical deformation anrl as a result, the average 
potential holds associated with these nuclei also possess large equilibrium defor- 
mation. This deformation of shape is supported by experimental facts such as, 
the energy levels in rotational spectra and the electric quadrupole moments of 
tho nuclei which show that those nuclei cannot be perfect spheres but must have 
some noil-spherical deformations. These deformations arc of spheroidal typo 
and the sign of the quadrupole moments shows .that in most of tho cases these 
nuclei are of prolate spheroidal shape. It is hoped that this consideration of the 
deformation of shape will have significant consequences for the scattering of 
nuclear particles. This suggests that it might be more realistic to calculate nuclear 
scattering cross-sections on the basis of a model which employs a complex potential 
well as in the optical model but with appropriately nonspherical shape. In 
particular, in this paper wo have investigated the elastic scattering of fast protons 
by a semi-transparent prolate spheroidal nucleus. The nuclear interaction be- 
tween the proton and the nucleus is represented by a complex rectangular well 
of constant depth and sharp cut-off at the nuclear boundary. The spin of the 
proton and hence the spin-orbit coupling terms are omitted. As for the electros- 
tatic field generated by the nucleus, it is assumed that the protons within the 
nucleus are unifonnly distributed. 

The scattering amplitude is calculated by the Born’s approximation method. 
The diffoi'outial scattering cross section is calculated for the case of a nucleus 
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orieixtod in a partioulnr direction which is then averaged over all possible orien- 
tations. 

This problem of nuclear scattering by the deformed nuclei has been attempt- 
ed by various authors during the past few years. The case of fast neutron scatter- 
ing by even-even, semi-transparent and non -spherical nucleus has been investi- 
gated by Inopin (1956) using Bom’s approximation method. Ho has taken the 
nuclear potential to be of constant depth with a sharp cut-off at the boundary. 
Schey (1959) has investigated the scattering of neutrons by non-spherical nuclei, 
where the deformation is represented by p 2 (cosy), y being the angle bet wen. 
the assumed nuclear symmetry axis and the radius vector to the scattered neutron. 
This non-central potential is assumed small relative to the spin-dependent central 
potential and thus the added term is treated as a portm*bation and the calcula- 
tion is carried to^second order approximation. The calculation was done for 
neutron and the Schriidinger equation was solved numerically. Margolis and 
Troubetzkoy (1967) have investigated low energy neutron scattering by a complex 
square well potential of non-spherical shape, whore the deformation is considered 
as a deviation from the spheri(5al shape of a quadrupole characjter, and the 
calculations have been made by expanding the neutron wave function in terms of 
appropriate spherical Bessel and Neumann functions multiplied by spherical 
harmonics. 

Our calculation makes use of the adiabatic approximation, which is the 
assumption that the target nucleus does not rotate during the time it interacts 
with the incident proton. The validity of this approximation has been demons- 
trated by direct calculation by Chase, Wilets and Edmonds, (1958) and Margolis 
and Troubetzkoy (1957). The deformed nucleus is assumed to have the same 
volume as that of the conventional sphere with the same mass. The values of 
the parameters, i?-the nuclear radius of equivalent sphere, Fj and Fgthe depth 
of the real and imaginary part respectively, of the complex nuclear potential aro 
taken from the paper on Proton Scattering by Chase and Rohrlich (1954) with^ 
appropriate modification for the variation of F 2 with the incident energy of the 
proton. The value of the semi-major axis a and somi-niinor axis b of the prolate 
spheroid are calculated from the constant volume consideration and the value 
of the electric quadrupole moment of the nucleus concerned. The case has been 
numerically investigated for the tantalum nucleus which possesses a large value 
of eleotrie quadrupole moment, and hence appreciable prolate spheroidal defor- 
mation. 


HIPSULTS AND D T S O XT B S T 0 N 8 

The nuclear potential is given by 

F(r) = — (FiH-^T’ 2 ), within the spheroid, 

= 0, outside the spheroid, 
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and the coulomb potential is given by 


t7(r) = J 



where pj is the charge density due to the uniform distribution of the protons. 
The scattering amplitude, by Bom’s approximation metliod, is given by 




where 

W(r) = V{r)+U(r) 

and 

K = Ki-Kj,\K\ =2i!Bin|, 1IC.| = |K/I = i. 

where 

M _ 2pi! 


and p is the reduced mass and E is the energy of the incident proton. Thus, 


m 

a'pheroid, 

Now, making use of the identity 

-XU 1 f g-ip.it 


, ^ -MV^+iV,) f P£^ r f 

J 2n%^ } J |r-r I 


R 27r» J pM-A* 


wo get 


J j I J J 

K* 1 


iphsroidU 


Thus 


Cff} A\ ^ J_ -^.^1 f 


'■J- 


ero^d 


Let 
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for the convenience in calculation it is assumed that the axis of symmetry of 
the prolate spheroid is the 2-axis, and the vector K = Ki—Kf lies in the XZ 
plane. Let a be the angle of orientation, the angle between the vector K and the 
Z-axis. Now, choosing the p, Z, (jt coordinate system, wc write, 

/ = J j J exp{iJ?Cp sin a cos <f>-\-iKZ cos a^fjdpdZd^. 


where a and b are the semi-major and semi-minor axis respoc-tively of the prolate 
spheroid. 

Now, using the relation (Watson, pp-20) 

I £}r+a , „ 

27r a 


we got, 

u +o\/j-72/6a 

/ = 27r J J exp {iKZ cos a) Jq{Kp sin oc)dZpdp. 

Integrating further with respect to Z, we have 

I — - f sin (al{ COB ac\/l~-p^lb^)JJKp sin oc)pdp. 

A cos a 0 r , , r 

Now, putting 

p — b sin i/r, aK cos oc — A, and hK sin a = p 

we get 

4^j^a n/i 

1 — =- — f sin (A cos sin tir) sin ijf cos ^ 

^ cos a 0 T / T / r r 


Further, we make use of the relation (Watson, Pi)-379) 

/ sin (z cos d cos ^)'Ip-^(s sin & sin i/f)G/{coB0) sin 0" 

0 


=(—1)^ ^ ^ j ^ Bin C/ (cos \lr)J^+r{Z), when r is odd. 


7 = 


(27r)®/26*tt 




Hence 
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Thus differential scattering cross-section is given by 

This is the expression for the difCkinsiitial scattering cross-section when the nucleus 
is oriented at an angle a witli respeet to the K vector, The averaging over-all 
orientations of the nucleus is carried out by integrating the above expression with 



The dashed ourve B repi'esonts an ‘’upper limit” to the elastic scattering cross- 
section. The solid curve A represents the ^‘extrapolated” olasiic scattering 
cross-section. The solid ourve C represents the theoretical value of the elastic 
soatteriug cross-section as calculated in this paper. 
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respect to the angle a and dividing by 2. Thus the average differential scattering 
cross-section is given by 








where ^ = cos a 


The integral is numerically evaluated by the Simpson’s summation rule. The 
values of the parameters are taken from Chase and Rohrlich (1954). The value 
of Fa- the imaginary part of the nuclear potential, is determined by using the 
formula given by above authors. 


^ A 


where A is the mean free path of the proton in the nucleus at tiie enei'gy E. 

The values of tliojparameters are 

' Vi 45Mev, Fjj = 13.36 Mev, = 96 Mev. 

A(90 Mev) w-, 4x cm, which we have used for 96 Mev also and R — 

X 10-^® cm. 

where R is the radius of the sphere of volume equal to that of the prolate spheroid. 
The calculated results for the elastic scattering of 96 Mev protons by tantalum 
nucleus {A — ill, Z — 1%) are compared with the experimental results given 
by Gerstcin, Niederer and Strauch (1957). The calcidations show that at very 
small angles of scattering the influence of the coulomb potential is greater 
than that of the nuclear potential on the scattering cross-section while at about 
=3° the effects of the coulomb p(;tential and the real part of the nuclear potential 
on the scattering cross-section are more or less equal in magnitude and therefore 
nearly cancel each other and the scattering cross section is given by the imaginary 
part of the niujlear potential. When 6? > 3“ the contribution of the coulomb 
potential to the scattering cross-section decreases sharply and that of the nuclear 
potential increases. The pronounced mmima in the theoretical differential 
cross-section for a nucleus with spherical shape become less pronounced now due 
to the spheroidal deformation of the nuclear shape. The theory predicts cojTeot 
angular distribution of the maxima and mininxa of the scattering cross-section. 
In spite of an overall agreement the theoretical result is, however, in marked dis- 
agreement with the experimental finding specially for large angles of scattering; 
the theoretical cross-section is too large at large angles. 
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ABSTRACT TIip intonHiiy of fluoresuenoo of dyestuffs in solution lias been moasurod 
for oonuentrations varying' from 2x10^7 p/oo to 2 x ]0'8 g/cu. The results, along with tbo 
yjolurisHtinn men sure monts repovtod earlier, have been used to explain the concentration 
quoncliing of fluoi’esconue of dyos in solution. 

I N T B 0 D U 0 T 1 0 N 

Two diffewont theorios are generally put forward to explain oonnoiitration 
({ucnchiiig of fluoreseonco in vsolntion :—( I ) quenching due to colliHioiiB of the .second 
kind (Wawilow, 1929) and (2) decrease in fluorescence yield with iniiroasing con- 
centration duo to the fotiiiiition of associated molecules (Levshin, 1927, 1934 
and liahinowitch, 1941). We have here attempted to correlate the results on 
concentration (fuenching obtained from intensity measurements with those from 
polarisation uioa.surcments (CJiaudhuri, 1959) and examine these results in the light 
of the above theories. 

E X P E B 1 M 111 N T A D A K B A N CiE IVI E N T 

The intensity of fluorescence in the transverse direction for different concen- 
tratioiLS in glycerine is nioasurcd in terms of the intensity of the iucideut light, 
using a sensitive potentiometer balancing arrangement and photovoltaic cells. 
The exciting radiations arc the unpolarised Kg linos ; 4358 A and 5461 A. Tliroe 
dyestuffs Eosin, Acriflavine and Kose Bengal are invo.stigated for concentrations 
varying from 2xl0'’g/c.c. to 2xl0~®g/cc. The results of intensity measure- 
ments are shown graphically in Fig. 1. The intensity (surves and polarisation 
curves have boeii drawn together for comparison. 

D I 8 C U 8 8 1 0 N OF T HE K E 8 U L T 8 

The close parallelism between the two sets of curves shows that the mecha- 
nism responsible for the change of intensity and polarisation with concentration 
may be the same. For a detailed examination, the two sets of curves are 
divided into three regions ;~(1) the region where the intensity increases with 
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concentration, (2) where it remains constant and (3) where it decreases with 
further increase in concentration. It should be noted that in the first region, a 
part of the incident light is transmitted through the fluorescence cell while for 



Fig. 1. The variation oi (a) tlio intensity (curve no. 1) and (b) the iiolansa- 
tioii (furvo no. 2), of fluorescence with concentration in tho case of Rose 
Bengal, Eosin and AcriflLavme, 


the second and third regions, the total incident light is absorbed in the cell. 
Therefore in the second and third regions the measured intensity also gives a 
measure of the fluorescence yield. For disci^ssion the following relations are 
useful : — 

A, = n,{aCQ-\-ac,) = 

= ng<x>Q = ngl2\ 

Q. = T.IT, J 




tmenaity of Fluorescence of Dyestuffs in Solution 417 

(-4,— Energy iibsorbed; w*-nuniber of excited moleciiljcs; and ag^spontaneous 
transition prbfeftbilitieB without and witli collisions respectively; and ^fl-lifo 
times with axA without collisions respectively; Qj-Eluorescence yield.) 

In the first ral^e, the increase in intensity can bo duo to (1) the increased 
number of excited moleculos and (2) the diminished life period due to collisions. 
According to Perrin (1931), the life period is connected with the degree of polari- 
sation and the decre&lse of the life period follows from the polarisation curves 
as well. For the secohd and third regions, according to the relations I, Tg should 
go on decreasing with increase in concentration. From polarisation experiments 
it has been found that Tg decreases mth concentration, reaches a minimum value 
and then increases again. Sincje Tg increases after the optimum concentration 
it follows that the fluorescence yield should also increase with increase in Tg. 
But experiments show that the fluorescence yield decreases. These changes 
ill T, and the yield can be explained in the following way. Since Tg increases 
after the minimum has been reached, it follow's that the mechanism is not a pure 
collision process. Since the micille formation starts at this concentration approxi- 
mately it is not unreasonable to connect the increase in Tg with the formation 
of associated moleculos. Tg increases, because, the actual concentration of the 
fluore.scenoe molecules decreases with increase in conoentra.tion, due to the for- 
mation of nonfluoroscent associated molecules. Since concentration is directly 
dependent on polarisation and inversely on the life period, the increase of the life 
period can be easily explained. The decrease in the fluorescence yield in this 
region cannot be explained so Easily. If it were simply a case of the formation 
of the associated molecules, the life period T^ would have remained unaffect»ed. 
This is because the formation of associated molecules would have reduced the 
number of fluorescent molecules udthout affecting the^natural lifojperiod. The 
fluorescence yield would have been given“by 

n ^*'*0 

^ ngOc,-i-W 

where W is the energy absorbed by the associated molecules which does not 
affect the life period. Since, however, Tg goes on increasing after the minimum 
has been reached and since the actual concentration of the fluorescent molecules 
decreases with increase in concentration in this region, the behaviour of Tg can 
bo explained by the theory of the collision of the second kind. It might be reason- 
ably argued why the excited molecules are not deactivated in a collision of the 
second kind with an associated molecule. It has been suggested that these 
collisions can be conceived as a quantum mechanical reasonanoe phenomenon 
and if the colliding molecules are alike the proximity of the enei’gy levels faci- 
litates the transfer in a collision. In other words, the excited molecules will be 
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easily deactivated in a collision of the second kind with the unexcited moleenles 
of tlie same kind. As for the fluorescence yield, we will have 

So long as W — 0, i.c., so long as a.ssociated molecules are not formed, Q decreases 
with concentration and the life period also decreases. When the formation of 
associated molecules starts, the life period is still solely determined by (aQ-j-ag). 
As the effective concentration of the fluorescent molecule decreases, which is 
a function of concentration also decreases. This means that (ag+ag) decreases, 
i.e., the hfc period increases. Now, as n, anti ag decrease in this region with con- 
centration while W increases, it follows that the yield may decrease, because the 
increase in W may be gi eater than the decrease in ag(ag-|-aj. In other words, 
the increase in the energy absorbed by the associated molecules may bo greater 
than the detirease in the energy absorbed by the fluorescent molecules. We 
have, thcrefoi'e, a satisfactory explanation of the decrease in the fluorescence yield 
in this^'egion. Jt is therefore, concluded that the theory of the collision of the 
second kind explains the concentrations, (pienching in a satisfactory w\\,y. 
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ABSTRACT. MoRshaucr Hoattering ('roHs-Rprlion ol‘ 14. 4 Kev, ijamnin rays in iroii-67 
is found t/O bo 1 42 ± 30 barns ; this agrees wil/h iboory if |,ho Jovols involved in the s('alJ.ering 
are aHsumod to be split. This type of scattering may be used to juvestigate problems iTgardniK 
tVie ooheience between resonance and Kayleigh scatloring processns. 

I N 'r K 0 1) IT T T O N 

MoRsbanor scattering of low energy gamma rays though more difficult to 
measure than the absorption, bccuuise of the large internal conversion of lou'^- 
onergy gamma transitions, should be useful for investigating problems ridatod to 
coherence^, of resonance and Rayleigh processes. Tt should, under favourable 
cirounistanoes also show the lattice interference pattern which will yield important 
information regarding the positions of the resonantly scattering nuclei and phase 
of scattering. With this in view, an effort has been made to measure Mossbauor 
sciattering of the well known 14.4 Kev. gamma rays in iron —57, its absiwption 
has already been studied by several workers (Pound and Rebka, 1959), Sciffer 
and Marshal, 1959). 

E X P E R I M li: N T A J. PROCEDURE 

The angular distribution of Mbssbauer scattering being known, its average 
eross-scction has been calculated from the measurement of the differential cross- 
section at a mean angle of 120°. At this scattering angle the conditions regarding 
the relative amplitudes and polarizations of Mossbauer and Rayleigh processes 
for the interfei’ence between them to be experimontally observable, are very 
unfavourable. Therefore, this angle was chosen in the jiresont investigations in 
order to be able to examine only Mossbauer scattering without any complications 
arising from its inteiTei’ence ^vith Rayleigh scattering. The experimental arrange- 
ment is shown in Pig. 1. 

The determination of the differential cross-section consisted of measuring 
Mossbauer scattering intensity, the strength of the source, the solid angles 
subtended by the scatterer at the source and the detector and the effective 
thickness of the scatterer. 
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T’lg 1. Experimental ari'angemant for tho miiasurement ofMossbauer 
flrattoring eioew aeotioii. S, St- D and E aro houil-o, acattoror, 
window of tlie dotofitor and load ahiold roapootivoly. 

The intdiRily (^f Mo,ssbauer scattering was determined from the difference 
of counts recorded by tho proportional counter spectrometer due to elastically 
scattered gamma rays from a thin fod of pure iron with stationary and moving 
cobalt-57 source. The relevant decay scheme of cobalt-57 is shown in Fig. 2. 
With the stationary source the scattering consisted mainly of Mdssbauor radia- 
tion (85%), the Rayleigh component was small (15%) and its contribution was 
determined by moving the source with the help of a vibrator driven sinusoidally 
at 33.3 c/sec. so that the source-scattercr relative velocity was sufficient to destroy 
tho resonance condition completely. 



Fig. 2. Decay schema of 5'^Go. 

The strength of the source used was determined in terms of the counting 
rate in the channels corresponding to the energies accepted in tho main experi- 
ment, the absolute strength being not needed. 

The solid angle subtended by the scatterer at source was calculated from the 
known geometry while the scatterer-detector solid angle was determined experi- 
mentally. For this purpose the scatterer was divided into sixteen equal parts, 
a small source was moved across tho various segments andj the corresponding 
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counting rates in the accepted channels were measured. The small soui^e was 
then compared with the actual source used in the experiment. 

The effective thickness of the scatterer was calculated by taking the self- 
absorption in the scatterer into account. 

RKSULTS AND DISCUSSION 

By comparing the number of gamma rays undergoing Mossbauer scattering 
through 120° to the number incident on the scatterer and taking into account 
the angular distribution of Mossbauer radiation, a mean value of 4.45 x 10~* 
was obtained for the probability of interaction. The value of cross-soction 
was calculated from the probability of interaction from the relation 

P = ernt 

where p is the probability of interaction, <r the cross-section, w the number of 
resunadit type nuclei per c.c. and t the effective thickness of the scatterer, tSubsti- 
tuting few n — 1.82 X 10^^ nuclei/c.c. and the effective thickness — 1.72x 10“* cm 
Mossbauer cross section cr = 142x10"^^ cm^ was obtained. A probable error of 
about 20 per cent is estimated in the value of the cross-section. 

The magnitude of Mossbauer scattering cross-soction would depend upon 
the conditions whether or not the ground and 14.4 Kev. state m “^’Fe wore dege- 
nerate; the intrinsic internal magnetic field in the source and scatterer might 
spilt either or both the states depending upon their magnetic moments. 

The experimental value is compared in Table 1 with theoretical values 
calculated for four possible different conditions of the states assuming that 00% 
of the gamma rays are emitted and absorbed without recoil. 

TABLE I 

Theoretioal Experimental 
Ground State Upper state cross-section cross-section 

(i) degenerate dogoiierate 610 Barns 

(m) dogeiicrate split 163 Barns 

(ill) splili degonorute 305 Barns 142-j_30 I3ama 

(ly) split split 119 Bams 

The experimental value lies between (ii) and (iv); this suggests that the 
States are split which is in agreement with absorption experiments. 

The success of the scattering experiments suggests the possibility of ex- 
ploiting the problems related to coherence of Uesonanco and Rayleigh scattering 
])rocesses. 
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ABSCRACT. A now iiotpiiUal, which (^onHidcn'H tho ropulsivo and aitriic-tu'o energiffs 
varying as IK and 6 power of thcj intermolocular separalion rospoctiveJy, is proposed for Uio 
ch 1< (ilation of proporl^u's of' non-polai (piasi -sphorical inolooiilos. The redvicod vinaJ aiid 
zero prossui'o Joiilo-Tiioinson coc^cionis aro ovuluaied according to this potential, and thef 
values are tabulated as a function of the reduced temperature in tho range 0.5 to 400. Troat-'i 
ment of tho expenmontal data shows some profoience for this poteiitifll over tho eonvontioinil 
Leiinard- Jones (12-0) potciitiiil and is probably moio Appropriate and accuiate for computa- 
tion of gasoous propLu'tJOH at high tomporatures. 


1 N T 0 I) IT C T 1 O ISl 

Seoontl virial and zero pi'CHStn’e Joulc-Thomson coofficientH like ofchei propei*. 
ties of gaKOR require a prcciHe knoMdedge of intermoleeular forces for tlieirwcomplete 
description on an entirely'' theoretical basis. Bird and Spotz (1 950) have tabulated 
the second virial coefficient for the fiinuliar Lennard- Jones (12-6) potential : 

0(r) =. e[(alry^~2(alrn ... (1) 

and Rice and Hirsclifclder (1954) for the modified Buckingliaiu exp-six potential : 


^{r) 


e r 6 
1—6 1 at a 


6 

e 0 



... ( 2 ) 


Here ^(r) is the potential energy of interaction between two inolcoules at a sepa- 
ration distance r, c is the depth of the potential energy minimum, cr its position, 
and a is a parameter which determines the steepness of potential energy. Both 
these potentials are reasonably successful, probably with a slight preference for 
the exp-six potential, in accounting tho observed properties of non-polar mona- 
tomic spherically symmetric molecules. For those polyatomic molecules which 
exhibit spherical symmetry i.e. quasi-spherieal Hamann and Lambert (1954) 
have shown that the repulsion is niiich steeper than given by the potential of 
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Eq. (1). They suggest instead the following (28-7) typo of Ii^^nnard- Jones poten- 
tial : 


Hr)=:e/3[((r/r2B_4(o-/r)’]. (3) 

Wohl (1931) and Ilowlinson (1954) also suggested the need of choosing a higher 
index than 12 for the repulsive part of the interaction energy. Work of Tanezos 
(1956) and Anime and Legvold (1959, 1960) on the temperature dependanco of 
collision life-times in complex molecules also support the view of a stoepei’ repul- 
sion than given by the exponent 1 2 in Eq. (1). One objection against the potential 
of Eq.(3) is that it departs from the theoretically understood l/r® attraction. 

In fact Pollara and Funke (1959) have suggested an alternative potential which 
retains the theoretically predic.ted form for the attraction energy, and also posses- 
ses a hard repulsion and an adjustable bowl. This partic-ular potential thus 
becomes not only complicated but also somewhat unrealistic for small r values 
in as much as the repulsion energy is more of an exponential nature than tliat of 
a rigid spherical model as assumed by Pollara and Funke (1959). The flexibility 
of liaving throe disposable parameters is definitely liable to give a better repro- 
duction of the experimental data over a limited temperature range. This indeed 
is demonstrated by Pollara and Eunice (1959) for neo-pentane. However, niucli 
more elaborate comparison of this potential with the experimental data is essential 
before a reliable assessment may be possible. Work of McCoubrey and Singh 
(1957, 1959, 1960) throw some light on the potential of Eq. (3). 

In view of this we, therefore, propose the following (18-6) type of Lonriard- Jones 
potential : 

^(r) = c/2[(<r/r)«-3(<r/r)«], (4) 

or in an alternative form 

i(r) = 4eo[(o'o/r)’8-(fro/'/)"]. (4a) 

The potential parameters of Eqs. (4) and (4a) are interrelated, so that 

e = 8c„/3v^, and o’ = (3)' Vo- - W 

The potential of Eep (4) is simpler and the calculation of equilibrium and non- 
equiUbrium properties is much easier than that proposed by Pollara and Funke 
(1959). This new potential retains the theoretically predicted l/r» variation of 
attraction energy with r and provides a steeper repulsion than the conventional 
(12-6) potential. We have calculated in this paper the second virial and zero 
pressure Joule-Tliompon coefficients and the results discussed later reveal that 
potential (4) yields result which are as accurate as those obtained on the basis 
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of Pollara and Funke potential. Second virial coefficient data as a function of 
temperatiu'e have been inteT'preted and the two potential parameters, e and cr, 
Eq. (4) are determined. These parameters are also used to compute the zero 
pressure Joule-Thomson coefficient of methane and ethane at temperatures where 
the experimental data are available. 

theoretical formulae 
Th e classical second virial coefficient, B{T), is given by 

= ... ( 6 ) 

n 

“where is Avogadro’s constant, A; is Boltzmann’s constant, and T is the tempera- 
ture of the gas. Lennard-Jones evaluated B{T) by substituting for ^(r) the 
following bireciprocal potential : 

n 

4(r)=c\ (^) 1, ... .(6) 

L n—m \ r f m—n \ r } J 

whore n > m. However, if the potential of Eq. (4a) is inserted in Eq. (5) and the 
integration is performed we finally get ^ 

B{T) - {2l^)7TNalF(T*), ... ( 7 ) 

whore 

F{T*) ^ H,(y)l ' ... (S) 

2/ == 2(eoW - 2(1/T*)i, ... (9) 

and 

B,{y) = y — ^ ~!r 2^ F ( 

(=0 

The zero i)ressuro Joule-Thomson coefficient, of a pure gas is given by 

... (U) 

Here is the zero pressure molar specific heat, F^{T*) is thoTnoduct of the re- 
duced temperature, 7’*, and the first derivatives of F(T*) with respect to T*, 

Computed values of {y) as a function of T* in the range 0.50 to 400 and 
for values of K equal to 6, 12, J8 and 24 are given by Saxena and Joshi (1962) 
in connection with the calculation of B{T) for polar gases, Utilising these {y) 
values, the function F{T*) has been calculated according to Eqs. (7), (8) and 
(9) as a function of T* and arc reported in Table 1. Values of Fy(T^) and Fi{T*) 
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TABLE I 

Functions for calculating tho second virial and zero pressure Joule-Thomson 
coefficients as a function of temperature 


T* 

F(T*) 

Fi(T*) 

F(T*) 

0.50 

- -17.1578 1 





0.55 

—13.6311 ^ 

32.672 

46.203 

O.GO 

—11.0416 

24.976 

36 017 

0-65 

— 9.24776 

20.448 

29.696 

0 70 

— 7.8.5000 

16.170 

24 026 

0.75 

— 6.80356 

13.654 

20.518 

0.80 

— 6.03605 

11.883 

17.918 

0.85 

— 6.36227 

10.378 

15.739 

0.00 

— 4 80488 

9.1585 

13.963 

0.95 

— 4 33720 

8 1499 

12.487 

1.00 

— 3.93846 

7.3949 

11 .33.3 

1 05 

— 3.59108 

6.7044 

10.296 

1 10 

— 3.29321 

6 0919 

9 3861 

1.15 

— 3 03634 

6.6902 

8.7266 

1 20 

— 2.80381 

5.1919 

7 9957 

1.25 

— 2.69983 

4.7869 

7.3867 

1 . 30 

— 2.41692 

4.5543 

6.9702 

1.35 

— 2.24975 

4.2600 

6.5097 

1 40 

— 2 09971 

3 9961 

6.0948 

1 .45 

— 1.96362 

3.7969 

6 . 7604 

1.50 

— 1.83827 

3 6803 

6.4186 

] . 55 

— 1 .72417 

3 3820 

5 1062 

1 . 60 

— 1 .61936 

3 2281 

4.8475 

1 . 65 

— 1.52226 

3.1121 

4.6343 

1 .70 

— 1.43236 

2.9360 

4 3683 

1 75 

— 1.34912 

2 . 8036 

4 1526 

l.KO 

— 1.27198 

2 6844 

3 9564 

1.85 

— 1 .19922 

2.5705 

3.7697 

1 . 90’ 

— 1.13212 

3.4689 

3.6010' 

1 95 

— 1.06895 

2.3896 

3.4585 

2 0 

— 1.01002 

2.3076 

3.3175 

2.1 

— 0.901217 

2.1503 

3.0.516 

2.2 

— 0.804778 

1.9904 

2.7951 

2 3 

— 0.718851 

1.8765 

2.6943 

2.4 

— 0.640571 

1 7854 

2.4260 

2.6 

— 0.569891 

1 .6775 

2. 2518 

2.6 

— 0.506005 

1.5924 

2-0984 

2.7 

— 0.447536 

1.6099 

1.9574 

2.8 

— 0.394298 

1 .4370 

1.8313 

2.9 

— 0 344906 

1.3766 

1.7215 

3.0 

— 0.299401 

1.3057 

1 .6061 

3.1 

— 0.267624 

1 . 24202 

1 4996 

3.2 

— 0 218871 

1.20626 

1 4261 

3.3 

— 0.182437 

1.16679 

1.33H2 

3.4 

— 0.148048 

1.1127 

1.20 13 

3.5 

— 0 116992 

1 0673 

1 . 1 843 

3.6 

— 0.087436 

1 .0343 

1.1217 

3.7 

— 0.069678 

0.99216 

1.0517 
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TABLE T {dontd.) 


T* 

F(T*) 

Fi(T*) 

Fj(T*)— F(T*) 

3.8 

— 0 0.33500 

0.957.56 

0,99100 

3.9 

— 0.009146 

0.92152 

0.93067 

4 

0.014037 

0 88258 

0.88258 

5 

0 183643 

0 69873 

0 51510 

0 

0.297407 

0 56063 

0.37708 

7 

0 370679 

0.44063 

0 07005 

8 

0 424649 

0.36741 

—0.05724 

9 

0-464102 

0.30473 

—0.15937 

10 

0.494302 

0.26779 

—0.22652 

12 

0 536819 

0.20233 

—0.33440 

14 

0 564421 

0 16898 

—0,4054 5 

16 

0.583434 

0 12783 

—0.4.5561 

18 

0.596788 

0 10058 

—0 46896 

20 

0.606112 

0 096875 

—0 . 50924 

30 

0 626061 

0.024014 

—0 . 60204 

40 

0 . 627895 

—0,0065143 ' 

—0.63441 

50 

0 624343 

—0.024027 

—0 . 64837 

60 

0 618948 

—0.033420 

—0 65237 

70 

0 613104 

—0.041437 

—0.65454 

80 

0.606942 

—0 049303 

—0 . 65624 

90 

0.601051 

—0.051562 

—0 65261 

100 

0.595445 

—0.054926 

- 0 65037 

200 

0.562018 

— 0 067097 

—0.62002 

300 

0 523979 

—0.069673 

—0.59365 

400 

0.503756 

—0.071091 

—0,57485 


—.F{T*) are also recorded in this Tabic. The first derivative of F{T*) is 
calculated act'ording to the expression.s given by Margenau and Murphy (1956). 


DETERMINATION OF POTENTIAL PARAMETERS 

Experiineiital data of B{T) as a function of temperature of iieo-CgHjg, ^ 1^4 
SFfi, CaNg, C 3 H 4 , C 2 H 3 and CH 4 arc used to determine the potential parameters 
of Eq. (4a). The procedure used for neo-Gg is the well known graphical 
method of the translation along the two axes given by Keesoin (1912). For the 
remaining gases we have used the following numerical method : 

The experimental B{T) values at two temperatures are chosen and the experi- 
mental values of F{T*) are tabulated at each temperature for a series of arbitrarily 
chosen (Tq values. A comparison of these experimental values of F{T*) with the 
tabulated values will give directly T* and hence Cojk for each value of (Tq. Thus, 
two sets of coupled values of ejk and are obtained corresponding to the initially 
chosen temperatures. Each set characterized by a temperature will yield a curve 
on plotting and (Tq, and the intersection of the curves will give the unique 
values for eJk and o-q. Values of the potential parameters so determined are listed 
in Table II, 



Second Virial and Zero Pressure Joule-Thomson, etc, 4-27 

TABJ.E IT 

Potential parameters according to the modified Lennard -Jones (18-0) 

potential 


Gns 

Bojk 

OR 

oo 

A 

'^0 

(2/3)-?rN(ro=‘ 

cc/mole 

Reforenco 

Noo-pentarie 

219 

6. 68 

376 

a 

Silicon tetrafluorido 

128 

5,39 

197.4 

h 

Sulphur hexafluoride 

158 

5 . 80 

246.0 

b 

Oynogen 

154 

5.. 50 

210.0 

b 

Pi'opadine 

174 

(i 02 

272.5 

b 

Ethane 

189 

4.10 

107 5 

e 

Methane 

129 

3.64 

60 . 8 

(1 


(a) Hamann, nl. (1954). 

(b) Hamann, et al. (19,53). 

(c) Roamor, ct al, (1944), 

(d) Sfharap, et nl, (19.58). 

R E S U J. T vS AND D I S 0 U S S I O N 

The cjk and or values for the threes potentials, viz., Lennard-Jones (18—6), 
(12-6), and (2S-7) are listed in Table TIT for a number of gases. We find that the 


TABLE ITT 

Potential parameters for (18-6), (12-6) and (28-7) potentials and (28-7) 

potentials 


Gas 

(18-6) potential" 

eqIJc^K ffA 

(12-6) polentiaj 

c/y.-nC crA 

(28-7) potential 
* e/fc‘'K cA. 

Neo-pentane 

337 

7.08 

236ft 

8 . 256 

581 

6 096 

Silicon tetmfluoride 

197 

5 . 91 

1496 

6.28 

331ft 

5.036 

Sulpher hoxafl uoride 

243 

6.35 

189ft 

6.63ft 

4146 

5 . 276 

Gynogen 

237 

6.03 

- 

— 

— 


Pi'opadine 

268 

6 60 

- 

— 

— 


Ethane 

291 

4.83 

243. Of 

4.44f 

— 


Methane 

199 

3.99 

148.26 

4 28 

3106 

3.63 


(a) Present work. 

(b) Hamann, etal, (1954). 

(o) Hirsolifelder, ttal, (1964). 
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position of the potential energy minimum is always at a smaller intermolooular 
separation distance for the (28-'?) |)otential than the (12-6), while for the (18-6) 
the values are usually intermediate. On the other hand, the depth of the potential 
well, e values, follow a different trdnd, (28-7) values are the greatest, (18-6) values 
are the smallest, while the (12-6) yalues lie usually in between, The dispersion 
energy according to those three potentials, is 4eoO-®, or (3/2) etr® for the (18-6), 
2ecr® for the (12-6) and (4/3) ecr’^ for the (28-7). Actual calculations in the ease 
of neo-CgHja, 811^4, SFg and CH4 revealed that the dispersion energy in the case 
of (28-7) potential is the greatest bein^ approximately double than that of the 
(12-6) potential, except in the case bf CH4 it is three times. The dispersion 
energy for the (18-6) potential is the minimum and is approximately two-third 
of the (12-6) potential except the caSb of neo— CgHja it is one-twentieth and 
in CgHfi it is throe and half-times. The differences, though appreciable, are ni)t 
very big and will be exhibited in gas properties in still smaller proportiorts aiiljl 
extremely accurate data will be required over^a wide enough temperature ran^ 
where dispersion energy plays an important role to throw light on the relativb^ 
appropriateness of the different potentials. The repulsive energy is appreciably 
different on these throe potentials, the (28-7) potential is the steepest and then 
are in order the (18-6) and the (12-6) potentials, 

The potential parameters of Table II in conjunction with the F(T'*) values 
of Table I are used to calculate B{T) as a function of temperature where experi- 
mental data are available. The computed values are shown as contimieus curves 
in Fig. 1 foj* neo-CgHia, C-iNg, C3H4, SiF4, SF^, CgHg and CH4 as a function of 
temperature. Also shown are the experimental points. The agreement between 
the theoretical and experimental values is excellent, the departure being well 
within the experimental eiTors. In the case of the (1 2-6) and the (28-7) potentials 
also the theoretically computed values are equally good and reprodtico the ex- 
perimental data satisfactorily except for noo-CgHjg on the (12-6) potential. The 
reason for this is that in all cases wo are well below the Boyle temijei ature and 
the main contribution to the molecular interaction is duo to the attraction enei'gy, 
which as shown above is not much different for the three potentials. At siifficiently 
high temperatures the repulsive energy wall be of importance and these potentials 
will yield sufficiently different values. Consequently, one of the real test of the 
appropriateness of the potential will actually lie at such -high temperatures. 
Unfortunately, at present no such experimental data exist to warrant this test. 
In the case of neo-CgHig wo find that the (18-6) potential gives a superior repro- 
duction than the (12-6) potential and very much in conformity with the poten- 
tials (28-7) and the one suggested by Pollara and Funke (1959). 

A more’^conclusive test of the potential is possible if some other properties 
could be calculated for which the experimental data are available. Zero pressure 
Joule-Thomson coefficient is one such property and will be discussed in this papei> 
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1 Plot of Ji(T) versua T ; ••expori menial pointa ; continuoua pui-vp, pnlpuUiiod 
apeordiiig to tljo (18-0) potential. 


Kxpol’iniental values arc available for CH 4 and CgHe as a function of 

temperature. Calculated values of for these two gases according to the 
(12-6) and (18-6) potentials are recorded in Table IV only at those temperatures 


TABLE IV 

Theoretical and experimental values of (cc/molc) as a function of 

temperature 


Temperature 

"K 

Exp® 

Methane 

Cal 

(12-0) 

Cal 

(18-6) 

Exp** 

Ethane 

Cttl 

(12-0) 

Cal 

(18-0) 

294 3 

144.2 

158.0 

169.4 „ 

507.4 

397 

541.8 

311,0 

130.3 

140.0 

144.8 

463.5 

303.5 

400 G 

327.0 

117.7 

' 133.3 

132.6 

411.0 

33.3.8 

453.4 

344.3 

100.9 

122.1 

121.2 

392.0 

308.1 

417.7 

301.1 

97.7 

112.3 

110.8 

356.3 

280.0 

384.3 

387.0 

89.0 

103.1 

104.7 

317.7 

260 . 7 

354.7 


(a) Budonholzer, et aL (1939). 

(b) Sage, et al. (1937). 
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where experimental data are reported. In the case of methane the two sets of 
calculated values agree very well, though these are approximately 10% greater 
than the expet'imenial values. A somewhat similar situation exists for the case 
of ethane except that the calctilated values, according to the (18-6) potential^ 
arc in much agreement with the experimental vjilues than those on the (12-6) 
potential. The experimental data for ethane correspond to one atmosphere. 

The Lennard-Jones type (18-6) potential has also been extended to evaluate 
the second virial coefficient by Saxena and Joshi ( 1 962), and the 7.ero pressure Joule- 
Thomson coefficient by Saxena, Joshi and Ramaswami (1962) for polar gases. 
The extended (18-6-8) potential seems to be somewhat superior to the conven- 
tional (12-6-3) potential. Thuife, on the basis of all this work and evidences, both 
theoretical and experimental, we propose this new (18-6) potential, tentatively 
for the prediction of properties of quasi- spherical molecules at high temperatures 
till more measurements become available to confirm or reveal the form of an 
adequate intermolecular potential. 
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EFFECT OF SURFACE RECOMBINATION VELOCITY ON 
CARRIER LIFETIME FOR CYLINDRICAL GEOMETRY 

P. DAS 

Institute or Hadjo Physics and J3i.ECTnoNif's, Univeesjty or Catajutta 
{Meceived January 17, 1962) 


The effective lifetime of excess cavriers in semn^onductors as obtained by 
the ijhotocondnctive decay method is a function of the bulk lifetime as well as 
the surface rocombinalion velocity. The samples which have been employed for 
sucjh measurements are usually taken in the rectangular form. For such rect- 
angular samples, the contribution of the surface recombination has been calculated 
by Shockley (1951). 

Recently, Jacobs et al. (1959), Larabec (1060) and some other workers have 
proposed a microwave niolhod for the measurement of lifetime of excess (jarriers 
in semiconductors, in which the sample is mounted inside the wave-guide and the 
photoconductivc decay is detected by the change in microwiive power absorption. 
In carrying out some measurements on Si samples in cylindrical form hy this 
motliod in our laboratory, need was felt for estimating the contribution of surface 
recombination to the effective lifetime for cylindrical geometry. In the present 
note an analysis is made to determine the effective lifetime in terms of the bulk 
lifetimo and the sui'face rocoiiibination velocity for different sixes of the sample 
having cylindrical geometry. The general continuity equation tor excess carriers 
is 


dt T 

where ^ = excess carrier density, 

T = bulk lifetime, 
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( 1 ) 


7 
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0 = nuin'ber of carrions generated per unit time per unit volume, 

D — diffusion constant for the carriers. 

In the problem considered here the cylindrical sample is illuminated in a region 
far away from the ends. The continuity equation then may be reduced to 


dt T T dr \ dr i 


I dS \ 
A dr I 


Let 


d{r, t) =[R(r) T{t) 


where R and T are two functions to be determined. 
Putting Eq. (3) into Eq. (2) one gets 

M , 1 = 0 

dr^ r dr A*^ 


dT_ 

dt 


+ V =0 


whore v gives the inverse of effective' lifetime. 

The solution of (4) and (6) are respectively 

R = AJ„m+B r„(r/A) 

T = e— rt 


( 2 ) 

( 3 ) 

(4 

( 5)1 

( 5 ) 

( 7 ) 

(8) 


where A and B are arbitrary constants. 

At r = 0, the solution (7) must be finite and at r ~ n, i.e., at the boundary 
one has 



where S = surface recombination velocity, 
e = electronic charge. 

Putting the boundary conditions into (7) one obtains ~ 

P = Dl{as) 


<5(r, i) S A e-vjt 
f 


JjfajXf) 


where 

The complete solution is 


(10) 
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where v/ is related to (a/ A/) by Eq. (6) and (ajAf) is determined by Eq. (9). 

The plots giving the roots of Eq. (6) for different values of P are shown in 
Fig. 1. 



Fig. 1. Plots of tho two functions of tho equation p.o/x = vorsus (a/X). The 

solutions (o/a) of tho equations aro tho points of intersection of tho two families of 
plots. 


It is evident from Eq. (10) that tho decay of excess carriers will bo different 
fi’om exponential for small values of t. However, the higher order modes charac- 
terised by higher values of v die out quicker than the fundamental mode. The 
effective lifetime as determined by tho photoconductive decay method is that 
corresponding to the fundamental mode and is given by 



where Aj is the largest root of Eq. (9). 

It may be interesting to determine the values of Vj for two limiting cases for 
which S is either infinity or veiy small, 
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The values of in the two limiting cases are as given below : 
(i) For ^S->oo i.e. P- 4 O 


(ii) For 



or Vi = - +6.25 

T 


D 


S~^(} i.c. P-¥oo 



or 



8 

a 


The author expresses his sincere gratitude to Prof. J. N. Bhar, D.Sc., F.N.l.^ 
for his kind interest and to Dr. B. R, Nag for his helpful suggestions. 

REFERENCES 

Jticobfi, H., Rainsa, A. P, and Brand, F. A., 1950, J. Ap^t. Phya., 30, 10.^4-1000. 
Larabef), R. D., 1900, RCA Rev , 21, March, 124. 

Shockley, ]9r)l, ‘ElectroiiH and Holes in Seiincondiictors’, 310. 



7 

A COMPOSITE MODULATOR FOR COMPATIBLE SINGLE 
SIDEBAND 

N. B. CHAKRABARTI 

TnS’MTXTTE OE BaDIO PkYSICS and JBjiKtJTRONTCS, XJNIVISTlBltY 01'’ CAJiCTTTTA 
{ReceiwA January 4 » 1902 ) 


A toohniquo for generation of (sonipatible single siclobancl signals that employs 
a transmitted carrier single sideband signal as the primary sourco will be very 
briefly described below. 

It can bo easily shown that a combination of AM and PM, the phase modu- 
lation of whi(5h is represented by 0 = 2 taii-^ - and the amplitude 

Hrooso)s< 

modulation by A(l) = l-j-m cos at a modulation frequency Wj radians/soc., 


results in a one-sided spectrum provided m = 


2r 

T+r^ ‘ 


The spectrum contains, 


for a single tone modulation, the carrier, the first order upper sideband and the 


1 2r 

second order upper sideband of magnitudes ^ y y 


tivoly. This fifllows from the identity 

1-fH 


tau'" 


r sin oigt 
1-f?* cos toJ 


The phase modulation ^ is easily obtained by doubling and limiting a TSSB 
signal of index r. The required relationship between m and r is established by 
controlling the carrier amplitude from detected r.m.s. audio level. A simple 
way of achieving this is to combine in right amplitude and phase the TSSB signal 
and the carrier frequency output of a narrowband carrier amplifier di’iven from 
the T8SB Signal. It is found that if the resultant index can be represented by 

r — 0^ 25 required relationship m = satisfied up 

to a modulation index of 90%. 

Experimental results show that the undesired side components (jan bo kept 
loss than 1% and the total distortion loss than 3% at a modulation index of 86%. 

It should be mentioned that the presence of the second order upper sideband 
is not exceptionable, for the energy content is ordinarily low for high modulation 
fi’equoncies, In fact, its presence causes crowding rather than spreading of the 
spectrum. 
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FLUCTUATION, RELAXATION AND RESONANCE IN MAGNETIC SYS- 
TEMS. Edited by D. ter Haar, Price 63s net. Published by Oliver and 

Boyd Ltd., Ediiiblirgh. 

The volume conskts of a full report of the lecture given at the 1961 Summer 
School of the Scottish Universities, on the different theoretical aspects of the be- 
haviours of a magnetics system under the usual internal and external potential 
fields perturbations tending to reach equilibrium conditions with thermal agita- 
tions. As Professor Wyllie, the Director of the School tells in his preface the lee. 
tures aim at the “evolution of a physical system with a statistically specified 
Hamiltonian” with special reference to magnetic systems since “they can be easilj^ 
brought to a condition far from thermal equilibrium, but still rather simply speci-l 
fled.” The underlying fundamental assumption is that the perturbed systems ; 
can be treated to behave linearly or at best the departure from linearity is small, ^ 
in other words the principle of superposition of responses to low enough stimuli 
holds good. On this basis the introductory lecture by Prof. Wyllie deals with 
some of the fundamentally important definitive functions and theoi^ems of the 
magnetic behaviour under an oscillating field, the pehnomena of relaxation and 
dispersion, fluctuations in physical properties constituting noise and their auto- 
correlation function and spectra density, damping and fluctuation di^^sipation, 
line broadening 6tc., finally leading to the crux of the problem, namely, a com- 
plete dynamics of the spin-lattice interactions and the equilibrium conditions 
involving irreversible thermodynamical processes. 

The subsequent papers by a number of well known workers in the field expand 
upon some of the intricate and interesting topics, introduced by Prof. Wyllie. The 
starting point is a lecture by Callen in which he deals in details with the fluctua- 
tion-dissipation theorem, and the irresversible thermodynamical processes which 
lead to the similar results as by the density matrix and Green function theories, 
details of which are given in the lectures by Dr. ter Haar. The stochastic (i.e. 
random fluctuational) theory of line-shape and relaxation phenomenon is dealt 
with by Prof. Kubo, The mechanism of line broadening is further dealt with 
by Callen under assumption that the driving force fails to disturb the thermal 
equilibrium distribution, when the response of a system to a long continued oscil- 
lation is considered. The relaxation in paramagnetics and ferromagnetics are 
treated exhaustively by Gorter and Callen respectively while Orbaoh gives the 
general theory of spin-lattice relaxation in solids and the Statistical mechanics 
of ferromagnetism is dealt with by Callen, The problem of space and time cor- 
relation in crystals is dealt with by Davies. The behaviour of a fluctuating photon 
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field and its equilibrium with fluctuating lattice fields is discussed by Me. Gouibie 
to illustrate the successful use of the Master Equation. There are other inter- 
esting articles on neutron scattering and correlation in liquids, nuclear precession 
in metals at low temperatures, nuclear double resonance, study of rate process by 
n.m.r. technique, and nuclear relaxation in alkali halides. Finally, the more 
general problem of nonlinear relaxation and irreversible thermodynamics is treated 
as a generalization of Ousager’s theory of nonlinear dissipative systems, by 
Uhlhorn. 

The discussions are mainly of a very high level theoretical nature but is 
judiciously moderated by the inclusion of experimental materials to show up the 
uncertainties or plausibilities of the theory. The book provides much food of 
thought to the specialist in the line and is invaluable as index of the recent posi- 
tion in respect of a most interesting and yet little understood range of phenomena. 

A. Bose 


FROGEE8S IN ELEMENTARY PARTICLE AND COSMIC RAY PHYSICS. 

Vol. V. Edited by T. G. Wilson and S. A. Wouthuysen, Pp 4614 xii. North 

Holland Publishing Co., Amsterdam 1960) 

Some of the earlier volumes of this series appeared under the title “Progress 
in Cosniio Ray Physics”. The change in the title of the present volume, em- 
bracing the develoimients in the physios of the elementary particles, seems to be 
judicious considering the contribution of cosmic ray studies in the field of oleinon- 
tary particles since Anderson’s discovei'y of positron upholding Dirac s picture 
of anti -particle of electron. 

The discovery of the non- conservation of parity in weak interactions in the 
realm of elementary particles has given a groat impetus to the study of the subject, 
both in its theoi etical and experimental aspect, which is being reviewed by A. 
Lundby in the first article in this volume, narrating our state of knowledge from 
1 958 . Relevant questions on parity, charge conj ugations, time reversal symmetries 
in different experimental cases are discussed adequately. 

In the second article Gammel and Thaler discuss the nucleon-nucleon inter- 
fiction arid the experimental result of p—p and n — p scattering with its bearing to 
charge independence of nuclear forces. Present theories and potential models 
describing nuoloon-nucleoii interactions up to about 300 Mev are presented. 

In the third article J. McConnell reviews the history of the subject of anti- 
particlos since Dirac’s prediction of positron. Different theories for the pioduo 
tion of anti-nucleon and its annihilation are given, however, in the words of the 
author /‘theoretical physicists ate greatly hampered by the scarcity oi reliab e 
experimental data conoeming anti-nucleons”. Some experimental results on 
‘anti-proton’-proton interactions are presented briefly. 



In the next article on '‘Observation on Cosmic ray ‘Jet* interactions in 
Nuclear Emulsions’., 0. H. Perkins discusses the exploitation of the emulsion 
technique of Bristol fame in recording directly, at high altitudes, the detailed 
features of individual interactions due to the primaries in the ultra-high-energy 
region (above 1000 Gev). The nature of the secondary particles, their energies 
and angular distributions, inelasticity in high energy nucleon-nucleon, nucleon- 
nucleus collisions and current theories of meson production are also discussed. 
The masterly presentation of the subject, mentioning also the disadvantages of 
the techniciue, is Well illustrated with many plates of the photomicrograph of 
various interactions. 

Jn the last article entitled, “The absorption and decay of negative muons” 
R. M. Tennont presents the experiments and results of the absoi’ption and decay of 
cosmic ray and machine-derived meson. A comparison of the experimentiU 
results and theories is also given. A 

The authors of five different well chosen articles have covered their rospectivii, 
subjects in detail, including also hitherto unpublished data from private sources. , 
The book will no doubt serve useful purpose noi. only to research workers in the 
field of cosmic ray and elementary particle physics but also to students under- 
going advanced studios in Physics. 


B. N. Bhar 
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INDIRECT SPIN COUPLING IN MAGNETIC GARNETS* 

K. P. SINHA AND M. K. SINHA 

Natiomai* Chemical Labohai'oky, 3Poona»8 (India) 

{Uemwad N(yomhhcr 17, 1961; R&a\i}miUed A'prA 9, 1962) 

AB STB ACT. The indirect exohango mechanisms arising tlirough empty excited orbi- 
als are applied for a ihoorotical study of the spin coupling in magnetic garnets. The \mit 
oliosen for detailed caloulations is a five-centre (AA'OBC with A, A', B, C standing for the 
magnotic ions and O for the anion) and six-electron system. 

It is found that for the model chosen the most stable state, within the framework of 
tliose mechanisms and physical situations assumed to bo existing, is one of the singlets which 
involves auti-ferroniagnotic interactions between the various magnetic ions. Thus the para- 
magnetic ions tend to compensate each other’s spins. This conclusion is supported by the 
observed magnetic niomonts for such systems. 

I N T B O D XT C T I O N 

Tike ferrospinels, the magnetic garnets are ferrimagnetic (Geller 1960) 
and it is expected that the spin coupling between the magnetic ions is achieved 
in some form of indirect exchange interaction involving the diamagnetic ions. 
Theoretically, various mechanisms for this basically antiferromagnetic interaction 
are possible but their relative importance has been difficult to assess. We shall, 
how'ever, investigate the indirect spin coupling in magnetic garnets following a 
mechanism locently doveloped by one of the authors and co-workers (Koide, 
Sinha and Tanabe 1969), which has been successfully applied to rooksalt, perov- 
skite, zinc blende and spinel-like magnetic compounds (Sinha and Koide 1960, 
Sinlia 1061). 

The central theme of this mechanism resides in choosing the appropriate 
model for the crystalline system and studying the perturbations caused by certain 
spin dependent transitions of the anion electrons to excited orbitals, on the zero 
order ground eigenstates of the 8 ^ operator for the unit chosen. This furnishes 
the relevant interaction terms which lead to the spin coupling of the various 
states. Thp state whoso energy suffers maximum depression owing to this 
perturbation is most stable and should correspond to the ground state. 
Additional perturbations are also provided by two electron transitions from the 
magnetic ions to the empty excited orbitals and strengthen the former effects 
(Sinha 1961), In what follows, we give a detailed calculations for these processes 
after selecting a unit appropriate for garnet-liko compounds. For this we must 
briefly discuss the relevant features of the magnetic garnets. 

♦Conmiunieatioa Ko. 482 from T^atioaal Chemical Laboratory, Poona-S. 

m 
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DESCRIPTION Oy MODEL 


The gatnots are j-epresented by the general formula {A^}[B^] (O 3 ) Ojg and crys- 
tallize in a cubic lattice (space group la 3 d) with eight formula units per unit cell 
(Bertaut and Forrat 1966; Geller and Gilleo 1957). The ions in { } occupy 'c’ 
sites and are surrounded dodecehedrally by 8 oxygen ions, in [ ] occupy ‘a’ sites 
(the octahedral), and those in ( ) occupy the ‘d’ sites (the tetrahedral), each sur- 

rounded by the respective numbers of oxygen ions. Since the cations are situated 
in these special positions we must bear in mind the dispositions of the electronic 
orbitals under the influence of the respective ligand configurations. The oxygon 
ions are placed in h sites and possess the advantage of some degree of freedom, 
However, we shall not be concerned about the refinement in their positions. 
Nevertheless, it is of great importance to understand the disposition of the ni^al 
ions relative to the oxygen ions. On examining the strufsture, it is found that the 
octahechal, tetrahedral and dodecahedral ions are linked with each other omy 
•^through ojcygen ions. If we consider one such oxygon ion there are four nearcfst 
metal ions, namely, two A ions at c positions at distances 2.37 A and 2,43.4, 0^0 
ion at a site at 2.00 1 and one C ion at d sites at 1 .88 A from the central oxygen 
ions (See Geller and Gilleo 1957 data for y 3 F 2 (FeO ^)3 for corresponding angles). 

The geometry of this unit is a distorted tetrahedron and clearly lacks all 
summetry elements. Although, the A and .4' arc located at slightly larger distances, 
magnetic study on a system where A ’s are paramagnetK! in addition to the JS 
and C reveals the presence of exchange interaction involving them (Geller 1960). 
Thus if we consider a system, which (jontains magnetic ions at all the a, d and c 
sites e.g, {Gdg} [Scj ^.76 Fe^.g^J (Fea)Oi 2 , we might expect all the interactions to be 
present, specifically a-d, a-c, d-c, and possibly c-c'. We shall, therefore, fii'st 
select our model as the unit with the oxygen ion lying centrally and suirounded by 
two A ions and a B and a C ion. This will provide us a general model for study- 
ing the interaction noted above in a collective scheme. The unit may be further 
broken dowm and studied if some of the metal ions aT*o taken to be n on-magnetic. 

ORBITALS AND WAVE FUNCTIONS 

In the earlier papers, we have considered the influence of the crystal field 
.whUe choosing the wave functions of the cations at the appr opriate sites. In the 
])resent case also, we are guided by similar considerations and the choice for 
orbital wave functions of tetrahedral ^nd octahedral cation electrons remains the 
same, i.e., we choose that wave function which has maximum overlaj) with the 
oxygen ion. For the ions at c, i.e., the dodecahedral sites, the field is of a 
distorted cubal type. For oubal field, we know that the splitting of an ion 
with d-eleotrons is similar to that when in a tetrahedral field (McClure 1959), 
More specifically the triplets t^g {dxy, dyz and dzx) lie higher than the doublets 

©^. (d2«a— a:2_2/a, dx'^—yi). 
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For / electrons the splitting in the cubal field is such that th'ere is one non- 
degonerate orbital ^ two triply degenerate sets^ namely, 

Wi) - ir(fS,) -= ^^(6»a-3r‘^), i/r{fd:,) - 

and 

W«i) = ir{x^^y^)z ^lr(fe^) = }jriz^--f)x, }Jr{fe^) = ip{zi^x^)y. 

Hence, in the case of ions having / electrons also it is better to select the 
orbital which has the appropriate disposition. 

However, some magnetic giirnets are known in which all the magnetic ions 
in a, c and d sites belong to the iron scries. A typical example is {MnY^ 
[Fci.jo C^Co-aa] (Fca-ao fl- 7 a)^i 2 - ^^r simplicity, we shall confine our calculations 

to such systems, i.e., magnetiic ions at all the throe distinct sites {a, d, c) having 
d® (^<§ 5 / 2 ) configurations. 

As before, we take one representative electron from each of the magnetic ions 
A, A', B, C. We denote the orbital wave functions of the electrons belonging to 
A' and A (i.c., of 0 sites) by Uj and and of B {a site) and C{d site) by w and 
V respectively. If v^o include the a and ft spin functions with each of the orbital 
function, wo shall have sixteen Slater determinants (antisymmetrized product 
functions). In the present case, the system lacks any symmetry and there are no 
symmetry considerations bo help us in the classification of the wave functions 
o£ the system. We shall be (content with such linear combinations of the Slater 
<leterminants wliich are the eigen functions of the 8^ operator; these are: 

Quintet: 

1 59^(2) >c — K ^2 (3.1) 

Triplets 

I ¥i(l)>ii =’{wiWa)’(i>t«)} = {[ui Sw]} (3.2) 

IWl) >c == ... (3.3) 

I >„ “{“(W, Ui)^VW)} {[»! a, el 0 ] + [ai w]} 

^ ... (3.4) 

Singlets ; 

! Vi(0) >. = H“(«1 «2 )“(to)} = ^-*2 (KQa ^\+bh «1 Swil+Ciii «a »®]+[uiW, tw] 

^2{u^U2^vw]^2\u^u^vw\ ... (3.6) 

, I WO) >c = H(«i «j)*(«io)} = ^ {[»! a, a, auij-ia, ots] 

. +.(fii«8M} — (3-6) 
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(The brachet notation represents the usual slater determinant multiplied by 
appropriate normalizing factor (in this case (4:!)"‘i). The orbitals without bar in- 
clude up spin functions of the electrons in thorn and with bar down spin functions). 

The above six states are obtained by the straight forward application of the 
branching diagram technique. However, certain physically distinguishable alter- 
native states are also possible. [ ®0j^(l)>^ represents a state where the (^ ttg) 
has triplet and {vw) singlet spin configurations; |®02(l)>c belongs to the reverse 
situation. In view of the differences in the orbitals %, u^, v, w, it may be required 
to consider such states where, for example, {u^,v) are in singlet and (u^ w) in triplet 
and similar such combinations. In all, there will be six such combinations in- 
cluding (2) and (3). Likewise, there will be alternative states for singlets. 

From the oxygen ion, we consider two coupled electrons in the ground st^^te. 
These two may belong to any of the s px, Py, or p^ orbitals or such a linttar 
combination of these which has a fair degree of overlap with all the inagnemc 
ions. We shall formally denote this orbitals by 0. The ground singlet states is; : 

\ 

- ( 3 - 7 ) 

The excited electronic configurations of the oxygen ion and the magnetic ion 
are assumed to arise, in the present mechanism, throiigli the lowest lying avail- 
able empty orbitals. This is denoted by Excited triplets states of the two 
oxygen ion electron will be described by 

W] 1 

tof]+lX(4]}/V2 - (3.S) 

R J 

The above states involve single electron transition to x- States aj’ising due to 
two electron transition to x, one each from two magnetic ions will be described 
later. 

Thus, the ground states of the total system are taken as the products of the four 
cation electron wave functions and the singlet wave function of the two anion 


electrons. These are described below : 

Ground states 

Quintet : | ®?^(2)> = % vw) ^(^2)} ... (3.9) 

Triplets: I ®V^i(l)> = T(“n ^z) (3.10) 

I W)> - ^z) W} - (3.U) 

IW)> =WK»*)’W) W) - .(3-12) 
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1 V^i(0)> == W(«1 %) ... (3.13) 

I ^fM> - YK ^^2) 'OT} . . . (3.U) 

In addition, we alec write down the alternative ways of expressiing triplet 
and singlet states. 


I Y«i(i)> = V(%®) 'K «>) W)) (3.15) 

I ¥»s(l)> = YK *')“(“ 2 “’) 'W°)} (3-16) 

' I Yas(i)> = TK «>) 'K ») ‘((A*)} (3.17) 

1 ¥..(1 )> - («1 «>) »(»2 «) (3.18) 

1 ’l^'«(J )> = *{“(“(«, «) >2 w)) M?!®)} (3.19) 

1 ¥..(1 )> - ’{“(“(% «») ’(%»)) W)} (3.20) 

Alternative singlets 

I ¥..(0)> = '{*(’(«i vnu^)) (3.21) 

1 ¥»2(0)> = ¥(’(«! «-) ’(»2 »)) *(0")} (3.22) 

1 ¥a3(0)> = ¥(«i ®)>2 w) ‘(l/S*)} (3.23) 

I ¥m(0)> = ¥(% «’) ‘(»2 1') (3.24) 


First we write the excited states involving two electron transition to x* 
each from two paramagnetic i(ms. It is to be noted that there are no quintet 
states in this process. These triplets and singlets are given below : 


Ti’iplets : 

I Y»i’^”(l)> = V(x“)“(®«') ‘(^*)} = U'X vw (3.2B) 

I ¥«*“(!)> = ¥(% %) ‘(x“) W)] = K ’‘z X X «s^] (3.26) 

I ¥,3’‘“(1)> = ’{‘(X“) “(«2 «’) W)} = [X“2 X (2.27) 

I Y«X»(1)> = Y(X*) >2 ») W)) = txv (3.28) 

I ¥«5*“(1)> = 'Wx') ®(«1 »)* (^6*)} = Kx (3.29) 

1 ¥.6’f“(l)> = ¥(X*) ’(% w) '(?>*)} = (3'30) 

¥«*’(<>)> = W) W "((4”)} = ^ (3.31) 
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I ¥.!^“(0)> = ’(«,«») = ~ l%ezXX?5^]-[Qi«i^5f9»^]} - (3-32) 

l¥.»*‘'{0)> - WW)) = -i ... (3.33) 

V ^ to 

I Ym^“(0)> = >(«*«) 1(9)'>)} = ^ - (3.34) 

I V.6*“(0)> = V(x‘) '(“1 V) Hr)} = {{n,xn<^r-[^xX«m]) - (3.36) 

I ¥.8’t*(0)> = '{'(X“) '(«, «>) ]} - (3.36) 

! f 

We now consider the excited states which involve a transition of one anion| 
electron to the excited orbital X‘ ' 

Excited states involving one electron transition to x ‘ — 


I ^{xi>)) ~ {\'fWVWX(t>] — K«'ai5w’AV>]} 

|'^^^62X'(2 )> =:5{>iW- 2) »(?^) {KU2l’W^A'0]"[UlVW’A'9^]} '•• 

lYfl8^^(2)> = ®(w)3(;\;9i)} = -^- {K&a 

H-[UiW2WA:0)— ... (3.39) 

As before we can have the alternative quintet excited states also. These six 
are obtained from (3.15) to (3.20) by substituting ^{x(f>) in place of 

We will have yet another quintet excited states which is obtained below: 




1 

Vl2 


{[uiU^vwx<l>]MV2^ A^]+K"2 vw X^^]H-[Ui^*2 vw 


Triplets : 


—^lUjU^vwxf] (340) 

I »5^ciXi(l)> = »{l(»(uitia) >(«w)) “(j;^)} ... (3.41) 

l*)^r,jX‘(4)> = *{U%«’i) *(««’) *(®^)) ••■ (3-42) 
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Also we have four alieriiative states of these types obtained from (3.21) to (3.24) 
by putting in place of i(08). Then we have triplets obtained from the trip- 
lets of cation electrons and triplets of anion electrons 

l¥e3^Hi)> - m%) Hvw) 

H- [u^u^vw x^]~ [UjU^ • • • (3.43) 

\ow) »(x0)} 

(3.44) 

I¥«r3^‘(l)> -== W(wA)'‘(«^w^))®(;Y«^)} 

— (Kha vwx^]~j-[Ui^U2 wvx^]-[UiU2 vwxf]-\UiU.J;ivx^] -| 

(3.45) 

-\-[u^U2VWX<I>VH'>^iU^ VWX(/>\-[Uj^l2 vwxi>]--[u^u^ WXV(/)\ 

-2{[UjU 2 VWX(/>]-[UiU.^ V w x<p])} 

We will have six alt/ornative similar states throe for the orbital set {UjV) [u^w) and 
another three for the sot {u^io) (w^*^). These can bo formulated in exactly the same 
fashion as (3,43) to (3.45). The last triplet excited state is obtained from quintet 
cation electron state and the triplet anion electron states. Symbolically, 

= vo/io ®|2>.»|-l>.-v'3/i0 “ll>„»|0>,+v'J7iO "|0>o“U>«-(»-*6) 

Singlets : 

IY«^‘(0)> =^H®Oi%) W)] 

=r{23|l>^ 3| — l>a— =*|0>c »|0>a+2 31 — l>e“| l>a}/ normalization 

. _J_ \p\u^U2VWX^'\ — “ L't^i 

V24 

wA'^'J+LVa [UiU^vw x^] 

X^])+2K % vw xi>]-A'UiU 2 A'^^JI ••• (3.47) 

1 “ Y ( 1 K %) ®(»^«0 ( 3 . 48 ) 

(3.48) is obtained in the same fashion as (3.47) except that now wo have 
*“(tJMi) in place of '^{ujU 2 ), ^vw). Likewise we will have four alternative excited 
singlets obtained for the combinations ^(w^v) ®(WiW^) ^(%*^) 

^UiW) \u^). 
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VIS 


--[U 1 U 2 «5w^^^]+Kii2 vivX(p]-^[UiU2 vwx(f>]—[u^UzVWX^)~[UiUiVivX(/>] 

•^-[UjU^wx</ilMuiiizVwx<l)]} ... (3.49) 

Wo wnll Have two moro alternative excited singlets like (3.49) obtained from the 
combinations H'*(®(%'*^) **(^a ^))^(A'9^)} ^(^2 ^)) ®(A"0)} 

Is 

THE ENEJi GY MATRIX 1 

Wc now proceed to calculate the energy matrix of the Hamiltonian of the| 
system within the manifold considered in the previous section. As before, wo ) 
describe the Hamiltonian in atomic units (e ^fi — m — 1) : 

//=SH,+ S l/Vij ... (4.1) 

I ^ 

where Hi with V{r,) standing for the potential acting on the 

electron due to the five nuclei and all other electrons except the six under con- 
sideration. The orbitals involved in the calculation are assumed to be orthogonal 
or appropriately orthogonali/jed in certain cases, to each other. 

Diagonal Mements 

Ground states : , 

We write down the diagonal matrix elements of the ground states in a 
compact master formula 

- 1 ( H- {J(a,a,))+J{a,a,)+J{a^,) 

J{a^a,)) ... ( 4 . 2 ) 

The various symbols used in (4.2) stand for the following- : 

Mai) + 2e(<l>) f I *(OiO,)+2S i{Oi(#) + i(#)-SJ'(o.54)] (4.3) 

where K and J represent the well-known coulomb and exchange integrals respec- 
tively and e{a) stands for the one electron term <a\ — \ v®+ V | a> (Sinha 1961a), 
The suffixes i and j run over ] to 4 and the orbitals aj, stand for vw 
or alny othei* opmbination eg. (UiV) (u^w) etc. stand for the resultant spin 
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of the two magnetic electrons in etc. For example, in the set 

^u^UsVw), = 1, = 1, for »(t4,?42) = 1 and = 0, is the 

resultant spin of the total system. With the aid of formula (4.2) and keeping the 
above facts in mind, the diagonal matrix elements of all the ground quintet, triplet, 
singlet and their alternative states can be easily derived. 

Excited states involving two electron transition to x 

I H 1 - Se(afc)+2e(^i)+2e(x')4 K{xx)+m^) 

+4/5:(A'9i)+2£A>;fc^i)+2SZ(ajtA:)+i^'K«f)~-2/(A'0)- S 

A! 1; h 

-S /(«a)+(-i)‘^“'^'-^(«)t«0=ex=+(-i)^““'^M^ (4.4) 


In the above k runs over 1 to 2, i.o., stand for or vw, or vetc. as the 
case may bo. Equation (4.4) furnishes another master furmula with the aid of 
which the diagonal matrix elements of all the triplet and singlet excited states, 
involving two electron transition to y, can be obtained. 

Excited states involving one electron transition to y. For those diagonal 
elements it is difficult to siiiimiarise the results in one master formula. We have 
to take recourse to two or tlu‘eo 
First we have 

< = Q i+(-l)^»mj/(aifg 

d- ( — 1 )'^mi J (a^ a^) + ( — 1 )‘^’jc'I 

- 1 ( 1+ j 

(J(ai Ug) a^)-i-J(a^ fl3)4-‘/K «4)) 

_ 1 |l-|- )~~S a:(^a;4~l)] j 

(J(a^ ag)~hJ(ai aB)~j-t/(a^ (^s)-i~’^(^2 ®fl)) 

^ |l_|- ^^W2a;(>9w3a; 1“ 1)— 1 )_ j 

(J (ttg ttg) 4" •/ (ajf Uq) -|- j (<* 4 ttg) 4 J(<%4 ®f,)) 
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Here 

Se(aJ+ J K{a^,a^) ,.. (4.5) 

m Z mn 

rrC^ n 

where m and n each run over 1 to 6, indicates the resultant spin of the magnetic 

electrons in (Iq » 4 , Bx in BnijX in Og ^^6 B'.n^x in 

«2 ^'3 ^*5 stand for viv x</> or any other (iombmation 

With the help of the formula (4.5), the diagonal matrix elements of the following 

excited states involving one electron transition to x oan be obtained. These are 

IV.4’‘*> an>i 

However, the diagcjnal matrix elements of the excited states which involve the 
cation electron configuration as in (2iSVH-l) fiavo to be obtained 

by the master formula given below . 

_j_^ l^SxJ(a^(lQ) ^ 14 - j 

(/(Uj tt3)+ J(»i wJH- J(«2r^3)+ 

- > ( 1+ i ) - Sm{S,n-\- 1 )" >S^;.(^SV+ ] ) ^ 

f /(Uj a6)H“./(aia6)+J(aacg+,/(a2tt0) 1 

\ -i-J{aaa^)-\-J{ag(ifi)-{-J{aia^)-\-J{a^aQ) J ... (4.6) 

The above furnishes the matrix elements of 

1 and 

Off-diagonal Elements : ~ 

Since we are interested in the depressions of the various ground states owing 
to the interaction vdth the corresponding excited states, we shall consider off- 
diagonal elements between these. The matrix elements between two different 
excited states are of no importance. We summarise the results below : 

Those involving two ehotron transition to x 

In this situation, we have seen that there are no excited quintet states. 
There are six triplet and six singlet excited states of this type involving transition 
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for 241^2 A'- With three ground triplets and tw'o ground singlets, 

we require thirty off-diagonal elements. Fortunately, all these can be easily 
derived from the master formula given below ; 

= j[l-.M%+i)] ^^2^(1- <a,/\g,,\a,x‘>IN^, ... (4.7) 

In the above equation Nq and rejjroaent the normalizfition of ground and 
excited wave functions in question, S^j is the resultant spin of electrons in a, a, 
orbitals ol the ground state. >9,^ is to bo taken unity for trijilet and zero foi‘ 
singlet as well as when the electrons in aj are not m rlclinite resultant spin (i.e.. 
when they are not eigen functions of the S'^ operator ). {Ms)ij is the magnitude 
of the Ms values {z component) of the spins in and aj. The summation is to 
be carried out for all the Slater determinants occundng as many times m the ground 
state wavofunctions. ai aj stand for viv or UjV, etc. The integrals of the form 
bave the following signilicance, 

<a6|f/i2|cf/> ^ f <'^*{r.i)diri)clridri (4.8) 

J ^12 


As illustrations, we have 

^ v'2<n’l9ial“X> = 

<¥ll^l’'Ae3*"> = <.1hX\‘hi\n> = l/V^^'T^ur,. 

= v '2 <'«a' I !/ i 2 I W2A'> = VaVii.M,, 

= V^lt <«iXlffisl»X> = V^l/Juu 
For states involving one electron transition to y : 

Since there are several ways in which the excited wave functions in this scheme 
are derived, it is not possible to get one or two compact master equations for the 
off-diagonal elements. Thus, wherever necessary we shall give the appropriate 
explicit expressions. 

To include the off-diagonal elements involving alternative states also, we 
describe the wavefiinctions by the ‘following notations. 

l»+Y(-Sm,-Smj/S„/8*)> where as before . 
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are the resultant spins in the sots (ajUg), {(% or {xfj)} respec- 

tively. Further, the hybrid exchange integrals of the type <cax | g-^ \ will 
be denoted by “Jxv The various off-diagonal elements are described below : 

Quintets : 

<Y(n20)|H|Y(1011)> - (4.9) 

' <V(H20)|ifl'iir(0111)> ... (4.10) 

<‘ip{n2t))\H\‘f(nU)> ={<‘^J„+<hJj,^-<hJ^,~a4j^^}l2 ... (4.11) 

<V(1120)|fi|'v^(1121)> =3{ai7„-fo2Jx,-|-«.i7„-|-aiJ„}/v']2 ... (4.12) 

Triplets . 

These are given in sets corresponding to the respective three ground states )j 


<Y(1010)|filY(110')> (4.13)^ 

<V(1010)1H|Y(000))> ={«.A.,-n2JxJ/V'0 ••• (4.14)' 

<V(1010)l/f|Y(Wll)> ={«iJ*f-l-<'=./r,} ... (4.15) 

<''f (1010)1 fl I Y(oii 1 )> =0 : ••• 

<'Y(1010)|fi|Vr(llll)> -={'‘»-^xr-"«^»r}/2V2 .■• (4.17) 

<Y(1010)|fflW121)> = :.. (4.1K) 

<Vr(0110)|ir’l>A(1101)> = -i ... (4.19) 

"v/o 

<Y(0110)|//| Y(9001)> ^ ... (4.20) 

V2 

<Y(0I)0)|H|W011)> =0 , ... (4.21) 

<»l^(0110)|fl|Y(911J)> = - (4.22) 

<V(0110)|.H1Y(H11)> ={®>-7xc-»2Jx,}/2'\/2 ... (4.23) 

<V(0110)|H|Y(1121)> = - (4.24) 

<Y(1110)lff|Y(1101)> ={»iJx,+“^Jx,-“'-^r,-«jJxr}/V'12 ... (4.26) 

<Y(1110) 1 H I Y(0001)> = ... (4.26) 

<>^1110)1JT1Y(1011)> =(;“.J^,-«i^x,}/V2 ,.. (4.27) 
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'■ <V(1110)|ffrf(0in)> ... (4.28) 

<V(iiio)|;y| Y(uu)> .. (oo) 

<Y(1110)|ff|Y(112l)> (4.30) 

Singlets : 

<Y(noo)iJ?ii^(ioii)> ={a,,j„-04j,,}/v2 .. (4.31) 

<Y(noo)|ff|V(Oiii)> = .. (4.32) 

<V(1100)|H|Y(ini)> = <iiJ^,-l-«:.J';,p-na7,,-«4j’„}/3 ... (4.33) 

<i^(0000)|ir|V(1011)> = -y/llai/ja-na.!;,,} ... (4.34) 

<V(0000)|fllY(0111)> ... (4.35) 

<>«0000)l/i| V(1141)> =« ... (4.36) 


With the help of the above equations, wo can easily write down the off- 
(liag(nml matrix elements involving alternative ground states and the cori-os- 
ponding excited states also. In fact, one has only to change the definitions of 
a's. 


PiURTURBATIONS STUDY OV 3NTEBACTION 

As is well known fijr such systems, owing to the presence of the intervening 
nort-magnetic ions, the direct exchange interactions between the magnetic ions 
is extremely negligible. Thus, if wo neglect the appropriate exchange integrals 
in (4.2) namely J{a^aj) etc. we find that the ground quintet, triplet and singlet 
states are degenerate. In this section we study the splitting of these due to the 
perturbations caused by the corresponding excited states V'hich result in different 
degrees of depressions of the various zeroth order eigen states of S^ operaior. 

First consider the excited state diagonal matrix elements. For these also 
the exchange integrals etc. are much too feeble compared to the common 

dominant terms Qx‘i, Qx^ occurring in (4.4) and (4.5). Thus retaining only the 
dominant terms, we use the approximation that the mean energy of the excited 
istates involving two cation electron transition to ^ is 

1=^ Qx^ ... ( 6 . 1 ) 

and those involving one anion elebtron transition to x ky 

=== ( 5 - 2 ) 

Ijikewiae, for the degenerate ground states, we use the notation 




( 6 . 3 ) 
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As shown in the previous papers (Sinha, Koide and Tanabe 1959, Koidc and Sinha 
1960, Sinha 1961) the spin dependent energy depressions of the various lower 
states will appear in the second order perturbation treatment for both the mecha- 
nisms (Sinlia 1961). 

Wo denote it by 

dp+iif.) = S < ....Vjiff I Smi = 0>< Smj = 0|7/| ... 8m, >IEx~.^S!^ 

"I ff.\3=J><‘\^ (5.4) 

JSx^ — .Eci 


In order to ovalua,1.e the dejn-essions of the verious zeroth order ground states, 
we must first determine the nature of the orbitals of the magnetic ion as welj as 
the anion for the physical model chosen. If we choose the oxygen ion as the origin 
and OC as the Z axis then OA' will be nearly the X axis and normal to the plane 
defined by COA\ we take the Y axis passing through 0. On examining fho 
geometry of the model further we find that the magnetic ions C and A' lie in the 
positive octant and the ions A and B more or less in the negative actant. We 
have taken orbitals belonging to C and A' as v and 7/^ and those of A and R, Wg 
and w respectively. These have been chosen in view of their cr type overlap 
with oxygen ion. "Por d orbitals these are either t 2 g or type. Thus on inverting 
to the negative octant, they would not change sign. 

Now fcir the choice of we have to bo guided by the overlap of the oxygeh 
orbitals vith all the cations as well as the vector nature of the p orbitals, i.e., 
instead of taking one of these, we take one of the hybridized p® orbitals namely, 
^ which will have maximum overlap with the 

cations. On inversion this orbital changes sign. 

For the choice of y either we choose a Ils function on the oxygon ion or a 
linear combination of the lowest empty cation orbitals, i.e., out of 45 or a symmetri- 
cal hybridized orbital of the cations. Thus x would not change sign. 

In that w^o are interested in the absolute magnitude of the off-diagonal 
matrix elements, w'e must see their values as evaluated in one octant. Taking 
the nature of <j) into account wdien w^o carry out this evaluation, wo have to be 
guided by the following relations. “ 

x<p) ~ ( I \ \ ) (^■®) 


( x<^^ xp) “ ( I Jf? I i 1 1 ) 


(6.7) 


The hybrid exchange integrals of the type 2 = <Xa»|Pi 2 | not 

change eigu. 
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We now show the calculations for the choice of sets as {a^a^) {a^a^) ^ 

(vw). For the quintet we do not have any excited states involving two cation 
electron transition to x- Now the orbitals Uj and u,j, are centered at ions about 
2.40-4° from the oxygen and v and w at ions abcuit 2 A from the same. The magni- 
tude of the exchange integrals \ I and \ | are about the same and tJiose 

of 1 and | likewise comparable. In view of the relations (5.6) and 

(5.7) and the above rough estimates the absolute magnitude of the off-diagonal 
matrix elements whore Ji<nd ^-l^o and occur with the 

same sign are negligible compared with those where these occur as 
( neglect those negligible terms in our perturbation study. 

For rigorous estimates they can easily be included, however, without altering the 
qualitative conclusions derived. In what follows, we give the energy depressions 
of the various states for (a^ a^) (^auj — (%«« 2 ) (vw). 

Quintent : 

tfO’i!) , 4- [«=./« ir-+(l ’’J.tl + l ... (5.8) 

Triplets ; 

-{id I + I "=./.« I )H 3 ( 1 V,, I + 1 "’J„ 1 mE^. -E, ) 

aw - { S ( I 1 + 1 «-Ja9 I )“ l- 1 ( 1 '’Jxi 1 -I- 1 1 fliE^—E^) 

4" 1 “I'.i! 1 ^ “iw 1 1 1 *4" I 1 

IWVW) - (•''>•40) 

5(%) : 1 {( I 1 4- 1 I )“4-( 1 "Jxf 1 4- I "’Jx9 1 mEy-E, ) 

4-{K.^".. 1*4- !>'./»« ViKEx'^-Ef) ... (5.H) 

Singlets : 

: H( I 1 4- 1 I )*4-( I 1 + 1 «J„ 1 mEy-E,) 

4- I { 1 XJu„ *-|- I I a+ I 1 1 \ 1]HExi-E^) ... (•'5.12) 

«(•£?,) : f 1 4- 1 1 )*4-( 1 '’Jxr 1 4- 1 “’Jx9 1 mEfi-E,) 


{2 1 X JtijMj, I 1 >• *4“ i ( I *.4wip I *4" 1 1 *4" 1 1* 

+ \>^Ju,„\‘)}l(Ex-—E,) ... ( 5 . 13 ) 
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An examination, of the equations (6.8) to (6.13) shows that the depression of the 
quintet state is least and that of singlet lE.^ is the maximum. The lowering of 
the various states relative to is given below : 

S(^JS)-S(^]S,) = « ( I I 1 I )V(AV.-^,)+{2 1 1 2 

+ i (]'!<■ Jui^ |“+|*.^11|W I *)}/(-®Z*— 

Sm-S(^E^) = ^ 1 + I «a ii’,)+{2 I 1 * 

+ 1»+ I y‘)}IEx^-E, 

SyE)-S(^E,) = { I * J„.„ I “+ 1 V«,„ I “+ 1 I ^ 

+ I I “}/-®X“— -S* 

+ \’‘Ju,^\‘)m-‘-E,) .,.(5.17) 

i)(^E)-dyE,) - {{u,Jy^ I + I H,J„ I )i‘-|-( I »J„ I + 1 1 )m{Ex^ -E,) 

-t {2 1 * .7 «,u, 1 =>+2 1 I »+ J ( I X J„,, I a+ 1 xy„,„ 1 8 

+ \xJu,J^+\>‘Jut,, \^)}IEx^—E, - (6-18) 

« 

From the above the energy sequence can be roughly indicated as : 

>iJj < “i’a < < 1^1 < >E3 < ^E ... (5.19) 

Let us look at the spin coupling arrangejiiont in the various states with reference 
to the spins in (% Uj) (ew) 


,.. (5,14) 

... (6.16) 

... (6il6) 


u^) \vw)} 

3.£?a-^»{»(t4i Uz) ^vw)} 

^Ei-^^{^{u,u^)^vw)} 

Wg) ®(uw;)} 

Wg) \vw)} 

Thus the most stable state is obtained when in both {u^ ttg) ‘i-nd {vw) the spins 
are in the singlet state, i.e., The next ones arise when only one of them either 
(vw) or («! ttjj) is in singlet state,, i.e. '^E-^. When the states are formed from 
the configuration (2 aSM'1){(®%'W2)^ {vw)} they lie higher up. One can, therefore, 
safely conclude that the dominant couplings are always anti-ferromagnetic. 
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We now give a brief diacussion about the choice of x- The physical basis 
about the choice of the lowest excited empty orbital I'elative to (j) has been consi- 
dered in earlier papers (Koide, Sinha and Tanabo 1959, Sinha 1961). 

For the present purpose also the appropriate description of x is given by 

X ~ ( SJ etf I (rt)/Normali8ation (5.20) 

where are the cation empty orbitals, namely, or an appropriate symmetrical 
hybrid having maximum charge density towards the anion. The jael are 
the coefficients (positive numbers) which can in principle be determined by var ia- 
tion. The other combination with ai's have negative sign will have higher energy 
because of mixing with (j) which is an odd fumition. In fact the combination as 
given by (5.20) has the lowest non-orthogonally integral with 0 (Sinha 1961). 

Tlie magnitude of the hybrid exchange integrals of the type occurring in 
(5.14) and (5.18) and the energy denominators have been assessed earlier. Here 
too, they would be of the same order of magnitude. 

In view of the fact that we do not have any pure magnetic garnets in the sense 
that all the [jB] (G) sites arc occu])ied by the same typo of transition metal 
ions, there js no point in calculating the transition temperature from our model 
and compare witli results. It may, however, be remarked that the general fea- 
tures are correctly preduited. The fact that the singlet state is the lowest one 
suggests that the magnetic moments of the paramagnetic ions tend to compen- 
sate each other. Thus for the system {Mug Y^} [Fej .7 Goo.a] (Fe^ Geo. 7 )Oi 2 
(Goller 1960) one would predict on our model a magnetic moment of 2/i^. This 
is the observed value and is consistent with the above formulae which was 
suggested l)y Tauber el al. (1958). 

Instead of discussing spocsffic examples, we shall point out certain general 
conclusions as derived from the foregoing analysis. 

DISCUSSION 

111 this paper we have explained the nftture of indirect spin (ioupling in garnet 
Jike magnetic compounds on the basis of mechanisms suggested earlier (Koide, 
Sinha and Tanabo 1959). The model chosen is a six electron and five centre 
system apjiropiiato for garnets. Unfortunately, the geometry of the system 
lacks symmetry and hence the calculations have been cpiite involved. Neverthe- 
less, the model does incorporate the possible types of interactions namely, a-d, c-c, 
c-d, c-a, etc., in a composite way. Taking one electron from each paramagnetic 
ions [A' ACB) and two from central anion it has boon shown for the sot (u^ Uo) 
(v'lv) that the singlet state where all the spins are mutually compensated is the most 
stable state. In other words, the coupling is predominantly anti-ferromagnetic. 

3 
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In view of the fu-ct that the ‘a’ and ‘d’ ions are eloaer to the anion eompared 
to the c ions, the hybrid exchange integrals for them will be correspondingly 
larger. One can, therefore, conclude that a-d interaction is definitely the strongest. 
The c-c interaction is weaker compared to this. On our model c-d and c-a inter- 
actions also exist. 

Specific cases can bo analysed from the above calculations by choosing the 
sets ^i) according to the symmetry of the wave functions in the actual 

crystals, 

That YIG, i.e., {Y 3 } [Fog] (FcglOia is forrimagnetic (with S/Zj, per formula unit 
is in agreement with strong a-d interaction. This system can, however, he ana- 
lysed by the earlier models (three centre four electrons, Koide, Sinha and Tanabe 
1959, Smha 1961). 

In conclusions, it can be emphasized that the broad indication of the calchbi- 
tions are that the singlet is the lowest i.e., the Jons tend to compensate the spins 
of eacli other. Thus even when some of the sets do not contain paramagnetic 
ions, paramagnetic ions at other sites interact antiferromagnetically. This 'is 
sui^portod by {Gd^} [MnJ (GaGe 2 )Oia with spontaneous magnetization 9 .C//. 2 /. In 
this case the appropriate electrons wave functions of Gd arc taking part in the 
interactions. 

It may be remarked finally that in the present mechanism the spatial disposi- 
tions of both occupied and empty orbitals are important and lumce interactions 
are possible even where angles fire not fippropriato for ther machtyiisms, 
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ISOMERIC TOLUIDINES IN DIFFERENT 

environments 
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Dbpaivfmbkt, Indiak Aabooiatiok fok Tuja Cultivation of 
SciBNOB, Caloutta-32 

(Rece.ii}^ July 5, 1962) 

ABSTRAGTi, The changes ui the froquonoies of N-H syiriiiietrio a^ul asyniniotno 
Htrotdiing vibrational bands of tho throo isomeric toluidines m different enviroimiojita i-elative 
to tho fi-oquencies observed in tho i-^^spootivo COI 4 solutions have been studied with a Porkin- 
Elmer Model 21 speetrophotoineter. The results indiisato the existence of mtonnoleeular 
association between tohndine molecules m tho case of pure liquds and between toluidino 
inoloculoH nnd polar solvents in tho case of solutions. Attempt lias been made to account 
for the dilToi’onco in tho N-K sti-etching fM)quoneics of tho throo isomers in solution in CCI 4 
nnd tho changes in the fi-equoncics observod in other solvents. 

INTRODUCTION 

Flett (1948) cliscussod the variations of characteristic NHg group stretching 
frequencies of substituted anilines in relation to tho reactivity of tho group in 
question and suggested a correlation of the observed variations with the elec- 
tronic nature of tho bond involved. Later, Krueger anti Thompson (1957) 
also studied the dependence of the intensity and frequency of stretching vibra- 
tions of NHa group attached to tho aromatic ring on tho Hammett cr factor of 
the substituent group. Solvent effect on — H stretching frequencies in substi- 
tuted anilines has also been reported by Cutniorc and Hallam (1962). 

In an earlier work, Gordy and Stanford (1940) had suggested that the mole- 
cules of 0 - and p-toludincB might remain in polymeric groups in tho Uquid state. 
Recently, Zanker and Wittwer (1959), from a study of tho infrared spectra of 
toluidinos in CCI4 solutions, proposed that the NHg and CH3 groups in o-tolui- 
dino molecule are either involved in steric interaction or are weakly bonded through 
' C— H...N bond. More recently, Whetsel (1961) compared the infrared spectra 
of toluidiries in solutions in OCI4 and CHCI3 in the first overtone region and postu- 
lated the existence of weak hydrogen bond between the N-atom of tho NH^ 
group and the proton of the CHCI3 molecule. 

It was not known, however, whether other solvents also produce such changes 
in the N—H stretching frequencies of the toluidine molecule and whether such 
changes are dependent on the relative positions of the substituent groups in the 

407 = 
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aromati(; ring of tho throe isomerB. An investigation of the infrared spentra 
of the toluidines in the litjuid state and in solution in a number of polar and non 
polar solvents was, therefore, undertaken and in the present paper the results have 
boon presented with probable interpretations. 

EXl’JSRIMENTAL 

Chemically pure sami)les of the toluidines supplied by E. Merck were further 
purified by fra(!tional and vacuum distillation. In the case of the para compound 
the purity was tested by its molting point. The solvents were carefully purified 
and dried before use. A Perkin Elmer Model 21 spectroiihotometer provided 



Fig la-— Infrared absorption spectra of o-toluidine Fig. lb — Infrarod absorption sjiectra 
I 4% solution in carbon tetrachloride o-toluidme 

n „ „ in cyclohexane I 4% solution in carbon totrachlorido 

in „ „ in carbon disulphido ii Purii liquid (thin fihn) 

IV ,, „ in chloroform iii 4 % solution in other 

V ,, ,, in benzene jv „ „ in acetone 
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with rook slat optics was used to record the infrared absorption bands of tlie com- 
pounds in the pure state and in solutions with the an angenic'ntn desci ibed in iin 
earlier paper (Baiierjee and Kastha, 1902). 

B33SUI.TS AND DISCUSSION 

The infrared absorptit)n c-urves are reproduced in Figs. J , 2 and 3. The sym- 
metric and asymmetric N — H stretching jfrequencles in cm~^ for o-, m~ and 
p-toludine in the liquid state and in solutions are givren m Tables I, Tt and III. 
The corresponding frequencies for the para cojnpound in the solid state have been 
included in Table III. 



3200 3400 3600 CnT 

P’ig. 2a — Infrared absorption spoetra of 
?/i,-toluidino 

I 4% solution in oarbon tetraohlorido 

II „ „ m chloroform 

III „ „ in benzene 

IV „ „ in cyclohexane 



Fig. 2b — Infrared absorption spectra ol 
mi-toluidine 

T 4 % Holnt-ion in carbon tetmchlorido 
II „ ,, m oUier 

III Puie b quid (tiiin film) 

IV 4% solution in acetone 


It can be seen tliat the observed N— H stretching frequencies in o-tolucUno 
molecule in solution in OCl, arc higher than the correspemding frequencies m the 
molecules of the mota and the para isomer in CCI4 solution and are closer to the 

N H frequenoies in the parent compound aniline. The lowering of the frequencies 

in the case of p- and m-toludine may be due to retardation of migration of charge 
from the NHj group due to the presence of the slightly electro-positive CH, group 
in the meta and para positions. This makes the N-atom slightly more negative 
t^an that in aniline molecule and causes a weakening of the N— H bond strength. 
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It may be noted here for eomparison, that the presence of highly electronegative 
NOjj group in the para position in p-nitrotoluone causes a large migration of nega- 
tive charge from the NKg groap thus increasing the N — H bond strength so that 



t^ig. 3a — Infrared absorption spectra of 
jj-toluidme 
j 4% solution in benzene 
o ,, in carbon tcitrachlorule 

m „ in chloroform 


Fig. 3b — ^Infrared abosprtion spectra ol 
p-toluidino 

I 4% solution in carbon totraohlondo 

II „ „ in acetone 

III ,, ,, in othfvr 

IV Pure solid (thin film) 

V Pure liquid (thin film) 


the N — H frecpiencieH tare even higher than those in aniline molecule (Flett, 194S). 
The presence of CH 3 group in the ortho position in o-toludine does not apparently 
affect the migration of charge from the NHg group to the benzene ring, because 
of the possibility of deflection of electronic charge cloud towards the meitt position. 


TABLE I 


rwm, (om-i) 
PaavM, (cm"3) 


o-Toluidine, 

N — H stretching frequencies 


Liquid 

CCI4 

CS 2 


Solution in 

CrtHfl 

CHCla 

(CHalaCO 

(CaHcluO 

3382s 

3309s 

33998 

33988 

3398b 

3397s 

3390b 


3449mB 

3472mB 

3470ms 

3470mB 

3472mB 

3464ms 3468ms 

3468m9 
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TABLE 11 

m-Toludino, 

N — H Btrettihing frequencies 



Liquid 



Solution. Ill 




CCI4 

CeHi, 

OgHo 

CHCla 

(CH3)2C0 

(C2Ho)20 

vaymiom-i-) 

3340s 

34 1 8ms 

33e2s 

3400ms 

B383s 

3459ms 

3380s 

3450mB 

337 Bins 
3445ui 

33GSs 

3440ms 

3302ms 

34351116 




TABLE 111 







p-Toludino 






N — H stretching frequoiu! 

ics 




Crystals 




Solution 111 



Liquid-"— 

CCI4 

chh 

CKCIb 

(CH 3)300 

(CaHrOaO 


3332b 

3345h 

3380s 

3382s 

:}380h 

3370.S 

3365m ‘ 

vagym (cm-i) 

3407in 

3427inB 

34501)1 

3445ms 

3440m 

3435m 

3435mB 


In the absence of data for the freciuencics of symiiietric and asyinniebric 
]S[_H strot(;hing bands of free molecules of all i‘hc three isomers in the gaseous 
state, the fre(j[ucncies of tliese bands in CCli solutions of the compounds have been 
taken to be the noj'uial frequontMOB. As regards the general behaviour of those 
vibrations in different environments, it can be seen from the tables that the fre- 
quencies are reduced in the polar solvents and in x>nrc liquids and the reduction 
in the frequencies is the largest in the case of the respective pure liquids. More- 
over, the lowering of frequencies is larger for the meta compound than fur the other 
isomers, and for all the three isomers the asymmetric vibration is, in general, 
more affected than the symmetric vibration. 

The considerable lowering of the N— H vibrational frequencies with respect 
to those observed in OCI 4 solutions may be attributed to foriiiation of weak intcr- 
moleoular N— H...N bonds in the case of pure liquids. In the case of the para 
compound in the solid state, the molecules come closer together and as a result 
the N— H...N -bond becomes stronger causing a further reduction in the N— H 
frequencies. It may be mentioned here that Gordy and Stanford ( 1940) proposed 
the existence of toludine molecules in polymeric groups in the liquid state. But 
It should be noted that the half-width of the bands observed in the present investi- 
gation is much less that that of the 0-H vibrational bands due to crystals of 
i^-nitrophenol (Banerjee and Kastha, 1962). This shows that perhaps the mter- 
molecularly associated molecules of p-toluidine are not present as long polymeric 
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chain. The relatively smaller change in the N — H vibrational frequencies observed 
in the case of o-toluidine in the liquid state indicates a weaker N — H...N bond 
due to partial shielding of the N atom by the CHg group in the pure liquid. 

In studying the influence of solvents on the frequencies, the relative shifts 
of the symmetrit! and asymmetric N — H stretching frequencies of the compounds 
in non-polar solvents like benzene, cyclohexane and carbon disulphide, with 
respect to those observed in GCI 4 solutions are found to lie approximately on a 


straight line when plotted against the difference of the value of — for the 

solvent in question and that for CGI4. But in the f;ase of solutions in polar sol- 
vents like acetone, ether and chloroform wide deviations are observed. From 
this it can be inferred that though the observed shifts in non-polar solvents could 
be satisfactorily exjilained as due to an electrostatic effect, soUtic other effectfs 
should be considered to explain the changes in the other cases. The deviation^ 
in solutions in acetone and ether can bo attributed to the formation of N — 
bond between toluidme molecules and the solvent molecules. Incidentally,';^ 
it ma^’^ not be out of place to point out here that the percentage lowering in the ' 
N — H frequeiKues in solutions of these compounds in acetone and ether is much 
smaller than that observed in O — H stretching vibrational freipieiicies in corres- 
ponding solutions of nitrophenols (Banerjee and Kastha, 1962), from which it is 
evident that the N — H...0 bonds are ninch weaker than the 0 — H...0 bonds. 


Evidence of the formation of weak hydrogen bond between the N-atoin of the 
toluidine molei'-ulc and the proton of the chloroform moUMsule has been furnished 
by Wlietsol (1961) who observed two bands for the asymmetric N — H stretching 
vibration in chloroform solution in jilace of only one band in CC 14 solution, in 
the first overtone region. In the present investigation a marked increase in the 
strength of absorption in the region between the two bands due to the symme- 
tric and antisymmetric vib/ations is observed, but due to the close proximity 
of the two bands no splitting could be detected. 


As has been jiointed out above, the change in the N — 11 frequencies is 
more pronounced in the meta compound than in the para compound while it is 
the least in the ortho compound. The smaller influence of environments on the 
N — H vibrations in o-toliiidinc may bo due to partial shielding of the !N -atom 
of the NHg group by the GK., group in the ortho position from the inflneruje of the 
surrounding solvent molecules. The difference in the behaviour of m- and 
toluidine molecules may be understood in terms of the effect of the Hammett <r 
factor of the substituent grouii m the two compounds on the force constant of 
the N — H bond . The Hammett a for m-toluidine is -0 .069 and that for ^-toluidine 
is —0.170 (Jaffc, 1953) which indicates that the negative charge on the N-atom is 
larger in the latter compound than in the former. Accordingly, the H-atom in 
the NHg group of the meta compound would be more positive than that in the 
para compound and, therefore, the N — H...N linkage in the pure liquid and the 
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linkage in solution in acetone would be stronger in the case of the nieia 
isomer. It can, however, be seen from Tables II and III that the lowering of the 
N— H frequencies for m* and p-toluidine is almost the same in the case of the ether 
solution. It has been pointed out by Jaff6 (1953) that the Hammett a of para 
toluidino changes to —0,105 in alcohol-ether solution, approaching thereby the 
value for the meta compound. This change in' a may account for the equality 
in the strength of N — H...0 bonds in the cases of meta and para toluidine in ether 
solution. 
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MULTICOMPONENT DIFFUSION IN THE SYSTEMS 
“'Kr-Ne-Kr AND “Kr-A-Kr 

RANJIT PAUL 

Inihaw Association foii the Cultivation or SofEMCEj Caloutta-32 
{Recdved Jubj, 7, 1902). 

ABSTRACT. Tlio diffusion of Iradio-activui isotopo fi^Kr m trace quaaitities 
uiixturos of noon.-krypt.oji and argon-krypton as well as in pure noon, argon and krypton 
has boon detoi'ii lined using an all metal appai'atus. The diffusion takes place insido a pie- 
cjsion hole capillary joimng two gas chambers. For analysis ono of the cliarabers has a 
cellophane window with a scintillation counter placed close to it. l^^irst, both the champs 
were filled with the desired gas mixture and then a* small aiiioiwit of added to the ajm- 
lysis cliambor and the pressuie equalised. Diltusion was then sl.arled by opening a bcllo>^s 
valve constmoted at the middle of the capillary and coujituig rate was doicririned at rogulaiii' 
intervals, from which diffusion cocflEicient was calculated. Tho diffusion coefficient Di— >va 
of soKr in mixtui'e of krypton and the other gas is found to bo accurately given by tho iheorc 
tically piedicled formula 


j, 

■*>!!» Hii HiB 

whore C 2 , ('h aic the concentration of oidinaiy kiypton and that of tin’ oilier gas respectively, , 
and Du an4 Ih'i tu-e the binaiy diffusion coefficients. As expected a plot of the (fxpori mental 
values of ]/Di-4a.j against C’p iH found to bo a sfcmight lino from which Dja and are 
calculated. 


INTRODUCTION 

The study of diffusion of gases by radioactive tracer is by now a well known 
technique. Hirst and Harrison (1939) have deterniined the mutual diffusion 
cocfiicient of Radon with air, H 2 , He, Ne and A. Hutchinson (1949) measured 
the self-diffusion coefficient of argon using which is [i active as tracer. 
Brickamcr et al. (Timmerhaus and Driekamer, 1951, 1953; Robb and Drickamer, 
1951 ; Jeffries and Drickamer 1953, 1954) have measured diffusion coefficients 
at high pressures using scintillation counter. Amdur and others (Amdur, Irvine, 
Mason and Ross, 1952; Amdur and Schatzki, 1957) have studied 00^00^, COa- 
NgO, A~-3fe using an ionization chamber in Loschmidt type apparatus. Amdur 
and Schatzki (1958) used the same technique to determine the diffusion coefficient 
at limiting coneenti'ations in the system A-Xe using and Xe as tracers. 
Recently, some workers (Lonsdale and Mason, 1957; Saxena and Mason, 1959, 
Weissraan, Saxena and Mason, 1960, 1961) have used the rate of approach to steady 
state in thermal diffusion to measure both thermal and ordinary diffusion coeffi- 
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dents. They studied, the systems having one component us COj and used “COj 
as tracer. Using an apparatus similar to that of Hutchinson (194!)) we have already 
studied the multi-component system «Kr^He-Ki' (Srivastava and Haul, 1962). 
In the present paper we have used the same arrangement to study the multi- 
ttomponent diffusion in two other sy stems. 

So far there has been a dearth of multicomponent diffusion data in the 
literature. Hellund (1940) developed the theory of mu-lticomponent gas mixtures 
by using a variational procedure. Curtiss and Hirschfeldei* (J949) have given 
simpler expressions by neglecting quantum corrections. R,ecently, Laronjeira 
and Kistemaker (1960) have given a somewhat elementary theory of thermal 
diffusion in three component system and obtained much simpler expressions, 
which they appear to have verified experimentally. 

Fairbanks and Wilke (J 960) Avere first to investigate three c<-)mponent diffu- 
sion experimentally. Using stofan’s technique, they measured the diffusion 
coefficient of ethyl propionate in Hg-air mixtures and toluene in Ha-A mixtures, 
treating the organic vapour, as trace and found the results in substantial agree- 
ment -with the theory. Recently, Walker, d© Haas and Westenberg (1960) have 
used a point source technique to study the diffusion of COj in mixtures of 
helium and nitrogen. Treating COg as trace and neglecting the separation of 
the two components during the experiment, they obtained results in agreement 
witli the theory. Thej'' used a rather complicated arrangement to analyse the 
gas with the help of a thermal conductivity analyser by freezing out the COg. 
Our method is much simpler which enables us to carry on investigations with any 
radioactive gas with considerable ease. 

APPARATUS AND EXPERIMBNTAI, PROCEDURE 

The description of the apparatus and the experimental procedure have been 
dealt with in detail in the previous paper (Srivastava and Paul, 1962). Exactly 
the same procedure was followed. 

RESULTS 

The thermostatic bath Avas maintained at 301 .6°K. The values of diffusion 

coefficients Avero determined from the plots of log {N\ —N^) against f as indi- 
cated in the previous paper. The values of the diffusion coefficients at atmos- 
pheric pressure are tabulated in Tables I and II. 

The values are believed to be accurate to about i’1%- Dca? value in column 
6 have been calculated on Lennard-Jones (12 : 6) model from force constants 
available in the literature and applying mass corrections. The agreement betAveen 
the experimental and the calculated values is satisfactory. The values of l/Uep-j, 
have been plotted against the concentration of the lighter gas (Fig. 1) resulting 
in a straight line within the limits of experimental accuracy. The values of 
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TABLE I 
‘SKr-A-Kr System 


% 

of 

Argon 

Pi’esaui'e 
in cm. 

Bolaxation 
time in 
mins. 

Hexp 

cma/aeo 

cm a /sec 

cm2/sec 

0 

6 . 872 

133.1 

0.101 

0 0086 

0.101 

19.46 

6.730 

144.2 

0.107 

0,1047 

0 107 

39.6] 

4 907 

99.6 

0. J13 

0.1117 

0.113 

63.90 

6.060 

95.1 

0.122 

0.1217 

0.122 

79.43 

5.292 

94.2 

0.129 

0.1290 

0.128 

100 

4.844 

80 3 

0.138 

0.1403 

0.138 


TABLE II 

®^Kr-Ne-Kr system 

Noon 

Pi-ossure 
in cm. 

Holaxation 
time in 
mis. 

Deji-p 
cm2 /roc 

X>cai 
cm 2 /pec 

^cal 

cm2/at»c 

0 

6.872 

133.1 

0.101 

0.0986 

0.101 

22.04 

4.689 

91.4 

0 117 

0.1143 

0 117 # 

42.63 

6.763 

96 5 

0.138 

0.1342 

0.137 

60.41 

0.911 

84.4 

‘ 0 , 1 60 

0.1580' 

0.101 

78.10 

5.884 

69.6 

0.194 

0 1919 

0 194 

100 

4 987 

43.6 

0.262 

0.261 

0.202 


TABLE III 


Oas Pairs 

D 

from graph 

P 

after 

mass correction 

D 

other workers 

Kr — Kr 

.101 

.1014 

.093 (a) 




at 293“K 

Kr — A. 

,138 

.1383 

140 (b) 
at 303'’K 

Kr— Ne 

.262 

.2626 

.266 (b) 
at 303«IC 


(a) Groth and Harteck <1941) 

(b) Srivasttvva and ^nvaetava (1969), 
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diffusion coefficient read from the graph are given in column 6 of the Tables I 
and IT. The values of multicomponent diffusion coefficients at limiting con- 
centrations give the ordinary binary diffusion coefficient with «=Kr as one 
component and are tabulated in column 2 of Table III. These values arc then 



Fig. J . Plot of against concentration of lighter gas. 

used to obtain the binary diffusion coefficient with ordinary krypton by applying 
the mass corrections and are given in column 3. In column 4, the experimental 
values of other workers at nearest temperature available, are recorded with 
corresponding tern- peratures. The agreement is quite good. 
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A METHOD OF DETERMINING THE TERMINAL IMPE- 
DANCES AND TRANSFER FUNCTION OF GENERAL 
MULTIMESH LADDER NETWORKS CONTAINING 
TWO KINDS OF ELEMENTS ONLY 

S. C. DUTTA ROY* 

Electronics Section, River Research Institute, Mohantuk, 

Nadia 

{Received Bec&mher 20, 1961) 

ABSTRACT. tcc-hniquu is prosented for finding the input impedance [Zi), output 
impedantio {Z^,), and tho transfer function («) of general multimesh ladder networks contain- 
ing two kinds of elements only, viis., resistanco and cupaoitanco or resistance and inductaniio 
or inductance and capacitance. Each of the above functions is expressed as a ratio of tw'o 
polynomials in p where p is tho complex frequency and = 1 , - 1 , 2 or - 2 The coefficients 
of powers of pi in one of the polynomials aro obtained by following an empirical procedure; 
tho coefficients of the other polynomial are derived from those of the firat by using a simple 
formula. 


INTRODUCTION 

Tho case of an w-mesh RG ladder in which the elements of similar kind 
are equal has been treated by Tchudi (1960) and also by Bhattacharya (1952). 
If instead, tho elements composing the various meshes are completely arbitrary, 
the situation becomes extremely complicated. I^^eneral formulae for this 
general case have yet been developed. 

A procedure has been described in this paper for finding the exprossion| 
for the input impedance Zf, output impedance Zq and the transfer function 
of a general w-raesh ladder network containing two kinds of elements only, 
viz., resistance B and capacitance (7, resistance B and inductance L, and 
capacitance G and inductance L. Each of those functions are rational and in 
general, can be expressed as N{p^) jDip^) where p is the complex frequency and 
j = 1, — 1, 2 or —2. The coefficients of ^ in either NotD are found by empirical 
rules formulated in the paper. The coefficients of the other polynomial are 
obtained from those of the first by using a simple formula given in the paper. 

The above empirical rules have been formulated by observation from simple 
meshes and it has been shown by induction that if the procedure is correct for 
k meshes, then it apfilies to (fc+1) meshes also. 

* Fiesent address : Dept, of Ph3rsic8, University of Kalyam, Kalyajii, Nadia. 
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The procedure will first be explained with reference to the BC case; the modi- 
fications requii-ed for extension to the RL and LG oases will then be indicated. 

1^0 CASE— LADDEH 0 O N K I G XTB A TI 0 N S AND SYMBOXS 

Tlie two forms of general resistance capacitance ladder networks, to be 
designated as tho , B-C' and O-B form$ are shown in Figs. 1(a) and (b) respec- 
tively. It will be assumed that the source and the load impedances in either 
configuration are respectively zero and infinite. The following symbols will be 
used : . ' 

input voltage, 

output voltage with k number of meshes, 
total niimber of meshes, j 

A;... designation of an arbitrary mesh (i.e. k = 1, 2 ,..,%— 1, ») n 

(iJ, impedance looking to the right from the points T^., #jfc(Fig. 1) tfio 
input impedance with k number of meshes), \ 

(Zo)jt... impedance looking to the left from the points the outpulj 

impedan(io with k number of meshes) 
transfer function of the ladder with k number of meshes, 

B... a coefficient in the denominator polynomial, 

A.., a coefficient in the numerator polynomial. 

Without any loss of generality, it can be assumed that 

JSj = u-yR, R^ — Ui^R, = '^^kRf ••• Rn “ 'UffR ... (la) 

and 

C, = WiC. C^‘^v^O,...0i = vtC:...Gn = v„O (lb) 



Fig., r. Showing (a) H-O and (b) 0-B forms of general resistance oapaoitance ladder networks. 
yj, Enoirolod figuies denote the desigi^tionB of the meshes. 
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where is a resistance parameter, C a capacitance parameter and Ui, 

Un and Vj, v^, are constants. The quantity p(7i2 may be called 

a modified complex frequency and will be denoted by q. The symbol (Bi-rh 
will be used to mean the coefficient of in the denominator polynomial 
of the function (Zo)jfc. 

RECUEBENOE FOEMUbAE 

A recurrence formula for each of the iiinctions and can bo 

deduced for either network in Eig. 1 as follows. 

B’G Case 

(ZJi can be calculated in terms of from the equivalent circuit of Fig. 

2(a) as 


Fig. 2(6) gives the equivalent circuit for calculation of (^o)* terms of (2o)i-i‘ 
We havo 


{Zoh = 


_ _ ( '^0)^-1/ ^ 

miZQ)k,i[Il-\-UkVkq+l 


(3) 


The Thevenin equivalent circuit for the network to the left of the points 

consists of an ideal generator of voltage and a series impedance of 

value (2 ^o)a- 1’ shown in Fig, 2(c). Fi'om this figure, can bo calculated 
as 




Ei <?( “i" 4- 1 


... (4) 


C~R case, 

The equivalent circuits for this case are shown in Figs. 3(a) to 3(c). The 
recurrence relations in this case are : 


tKr..\ _ j? !?+ 1 ){Zi)k+ilR +^fc.n 

' ^ ^le+l 9(^v)k+ll^~\-'^k+i ^k+l 2 

... (5) 

n % «jfc 

... (6) 


... (7) 


5 
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The recurrence formulae given above will be found much useful in deducing 
expressions for (^o)» terms of u‘b, v’s and q for the w-mesh network. 



Pig. 2. Equivalent circuits for deducing Fig. 3. Equivalent circuits^correspond- 

tho rocuri'ence relations for (a) Zi, {b) Zq ing to those of I'^ig. 2 for the C-R case, 

and (o) /9 for the R-C case. 


OUTPUT IMPEDANCE 

Putting jfc = 1 in Eq. (3) and noting that (^o)o» source impedance is 
zero, we have 




“i®i2+l WiS+Wi {Do)M 


Putting — 2 in (3) and substituting for from Eq. (8), wo have 


(■^0)2(2) — %®i'** 22 'i"(%H“^a) 
= (^i)j2+(-4o)« 
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and 

(^0)2^) = %i^iWaV2?’‘+Kvi+«iV2+Va)9'"l-l 

= (52)a2H(Bi)2i?+(5o)a (9o) 

Similarly, for K 

{Z = ■®(-^o)a(?) (10a) 

^ WaCs) 

where 

-\-U{0^u^ + V3)g+ K+ “Wa+'i^a) 

= (-^2)3 ??*+(^i)3 d+C-^ola 

and 

(^0)3(9') = + 

+a^-iaJiM3a;p^-afciV2%V3+W2V2'M3*^3)3® 
4-(Vi+Va-|-%«^a+V2H-V3-|“%’^3)?+l 
= (5,)»?H(BA9*+(Bi),J+(S,)a •■• '10") 

Proceeding in this way, (£’„)i, (^!o)s «*«■> 0*“ I’® calculated. But as the number 
of meshes increases, the calculations grow unmanageably both in length and 
complexity. 

It will be shown that the expression for the output impedance for any number 
of meshes can be found directly from the circuit diagram with the help of the fol- 
loAving procedure. 

For the denominator coefficient.^, (^ “ r — 0, 1, 2, 

... ifc), the rules to be followed are : 

Rule 1 : {B^)i is unity, whatever h equals to. 

Rule % ; Each coefficient, is, in general, the sum of a number of te ms, 

in which no term occurs more than once.* 

Rule 3 ; Each term is the product of (&-r) number of a’s and the same number 
of v\ in which no u or v occurs more than once. 

Rule 4 : Each term must begin with u and end in v. 

Rule 5 : w^’s and i;’s must alternate, i.e., no two m’s or ii’s can be juxtaposed. 
Rule 6 : Each term must be written such that if the subscript of an u bo 5i 
and that of the next v be 6*2, then 

0 < (^a— ^x) < ^ 

♦ The number of terms in {B]e,r)^ is (2k— r) !/[t!(2/c— 2r)!) 
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Also, if the subscript of a u be s\ and that of the next u be 8\, then 
- 1 < < (r+1) 

The sum of all possible terms obeying these rules gives easily 

verified that for A; = 1, 2 and 3 and/* = 0, 1, 2 and 3, the coefficients obtained 
by following the above procedure are the same as those given by (8), (9o) and 
(10c). 

The coefficients occurring in {NQ)k{q) can be very simply obtained 

if those in (X)o)/:(?) known. We note from (8), (9) and (10) that 


(A ) — 

(Aoh - 

fj) _ (^2)2 


(A„),= 


(A)3 = 


Ws 


(^1)3 — “ 


(^2) 3 ~ ^3 


(A \ (^^1)3 2^3 

l^oh 7 

where T;[, denotes a term not containing v^. The above results can be put in 
the general form : 


(-^4!~r-.i)A; — 


n 


ai) 


where A — 1, 2, 3 and r = 0, 1, 2, 3. 

The above procedure has been formulated vdth reference to values of k upto 
3. We sliall now show that it holds for A: = 4 also. For /c = 4, we ctin write, 


fZ ) = (^3)4g’+ (A8)4gi‘+(A])„g-| (4oJj _ 


For (-64)4, = 4 and r == 0. Applying rule 3 we note tliat each term will have 

4 w’s and 4 v’s with no u or v occurring more than once. Combining this with rule 
2, we note that (^4)4 will be given by a single term involving all -it’s and /^’s. Thus, 


(^4)4 = %ViW2V2%3i;aW4U4 - ... (12a) 


For (I?3)4, A: — 4 and /*==!. Each term will now have 3 u's and 3 v’s in w^hich 
no w or u can be repeated. Beginning with % and obeying rules 2 to 6, the possible 
terms are 


Uj^ViU^V^U^Vs, 

u^v^u^v^u^v^, 


UjVjU^V^U^Vi, 
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Let the Bum of these terms bo called h^. It may be observed that in each term, 

0 < <1 and 1 < < 2 

Because of the requirement of 3 and 3 v’s and because of rule 6, there can 
be only a single term beginning with This is 


Because of rule 6, there cannot be a tonn beginning with or u^. Thus, , 

(^3)4 = ^+^2 (126) 

Proceeding in a similar manner, 

(^2)4 = WiVi'U2V24-%V2^3+ 

H- 'i^iV^U^V^-\-UjV^U^V^-\-U^V^U^V^ 

-j-iA2t;2V4+ V3W4V4+ V3V4 (12c) 

and 

(15^4= %Wi-h'aii;2H-V8+%i;4+U2V2+'W2'y3 

(12d) 

The remaining coefficient, (-Bq)* unity by rule 1. The ^4 -coefficients can bo 
obtained by applying formula (11). 

(^3)4 = 'M4i;i'W2U2V3l^4 ... (12o) 

(^2)4 = %Vji«.2?;2i*3+%«^l‘MaV4"l-%VzV4 

+ Wl7;i'a3V3'a4 + %VaV3«4+^Z^2'W'3V4 (12/) 

(^ 1)4 = WjVit^3 + ttlViM4H-%V2tt3 

+ ?^l«;aM4+Wj«^3«4+%i>2W3+%«^Z^^4 + 'W'aV4+«^3V4 (12g) 

and 


(^0)4 = Wi+^2+^3+% 


(12h) 


Putting A; = 4 in (3) and substituting for (^3)3 from (10a) through (10c), wo 
get the same values of the coefficients as given by (12a) through (12h). Thus 
the method gives correct results for A = 4. For generalisation, it remains to show 
that if the procedure is correct for k meshes, it is so for (/5+I) meshes also. 
Writing 


(^o)jb “ 


WM) 


and 




oik+i iQ) 

('^o)lfc+](9') 
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we have from (3), 

{^o)k+i — (-^o)A!+(^o)ft%+i 


(13a) 


(^o)a+i — ■■■ (13b) 

Equating the coefficients of powers of on either side of equation (13a) and of 
qk+i-r on either side of equation (13b), we have, 


{■^k-r)k-¥l — (-4*-r)l-|-%+t(-®i-r)j!) (Ha) 

(^fc+l-r)*+i = '*^&+l(^fc-r)ifc+%M?^A:+l(-®A-»‘)A:+(^fc+lJiOA: ■■■ (Hb) 


(5i+i_r)jfc is a coefficient of {D^j^ and as such, does not involve w^i+i* Thus from 
equation (14b), ,, 


The right hand side is just (^j[_r)*:-i; thus fonnula (11) applies to (i:+l) moshe^ 
also. 


Fi’om formula (11), (^A_r)ft in equation (14b) can bo replaced by 


Thus, 




(■^fc+l-rWi “ j +%+i«^m(^^-r)jfc+('3jfc+l-r]rA. -■ (15) 


Now, terms contributing to the coefficient (i^ 4 .+i_r)fr may be classified into 
throe groups : 

Group 1 — Terms containing neither nor 

Group II — Terms containing both and 

Group III — Terms containing but not 
There cannot bo a term containing but not because of rule 4. 

Group I terms are the same as those contributing to th© coefficient (Bj.^.y_T)k 
of (I>o)fc- The third term on the right hand side of equation (15) gives these 
terms, _ 

Since any term contributing to (iSfjfc+i_r) 4 :+i must haVe (^-fl—r) number of 
u^s and the same number of v^s, terms of Group II mufet be those contributing 
to (Bif-T)k being multiplied by Uk+i^k+v Thus the second term on the right 
hand side of equation (16) takes account of all such terms. 

Terms of Group III will be those contributing to which would nor- 
mally end in v^;, with replaced by If in a term of normally 

ending in (« > 0), is replaced by we shall obtain a duplication of 



477 


A Method of Q^ermining the Thermal, etc* 

a term previously considered; thi^ is not permitted because of rule 2. Thus 
the first tenn on tho right hand side of Eq. (16) accounts for Group III terms. 

Thus tho proooduro formulated for finding a coefficient in the denominator 
polynomial is correct for (fc+l) meshes and the generality of tho method is estab- 
lished. 

Finally, the expression for the output impedance of an ?i-mesh R-C ladder 
can be written as 


{^o)n 








( 16 ) 


where (£q)^i = 1 , (I?,i-r)ii is to be obtained by following the rules 2 to 6 with k 
replaced by n and is to be obtained from formula (11) with k re- 

placed by n. 

C-R Case : 

In tho recurrence relation (6), let us put 

i and 3=1 

Then (6) transforms to 


(2ok- - 


J 

pC 




... ( 17 ) 


This IS of the same form as (3) with u replaced by U, u by Vj q hy Q and B by 
. Putting = 1 in (17), we have 

2)0 


(2 ) — ~ ^1 

pO J/iPiO-hl 


... ( 18 ) 


since (^o)o = 0- Putting A: = 2 in (17) and substituting for (^o)i from (18), we 
have 

- 1 ( 19 ) 


Similarly, 




wm 

{DMQ) 


... (20a) 
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where 


(NMQ) - U^V^UJ,U^Q^^{U,V,U^~^U^V,U,i U,V^U, 

... (20b) 

(DoUQ) = C^iT^iC^2Fat73F3Q“+(C^,FiC^3F,+ i7iFiC/2Fa 

-{~U^V^U,V,-^U,V^U,V,^U,V,U,V,)Q^ 

+(C7iFi+r;iF2+c;iF3+t73F2+cr,F3+t73F3)g+i ... (20(0 


(18), (19) and (20) are of the same form as (8), (9) and (10) respectively with the 

small letter symbols replaced by capital letters and E by - ^ . Thus for this 

pc I 

case, 


(z„,„= j. (moi^ A -AA 


2 ^ ^ 


pC {D,UQ) pG 


r«0 


... ( 21 ) 


where (5o)n == 1, Q == IKpCE) and the other coefficients are calculated exactly 
as in the previous case or obtained from those results by replacements as slated 
above. 


TRANSFER FUNCTION 
Putting A: — 1 in Eq. (4), we have 

.. 1 

WiM+1 


... ( 22 ) 


since /3q, the source transfer function is unity. Putting & = 2 in Eq (4), substi- 
tuting for from (22) and simplifying, we have 


/?2 = 


1 


(23) 


Similarly, 

’^UiVjU^v^+UjV^u^v^-\'U^v^aV^)q^ 

+(WiVi+V2+Va+%^2+'^z^a+%^3)Q'+l (2^) 

Comparing (22) to (24) with (8) to (10) in order, we note that 

A = . = 1.2.3 
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Proceeding similarly, it can be shown that = l/(2)„),. Por generalisation, it 
is necessary to prove that if = 1/(1),)*, then Prom (4), 

replacing k by (Aj+I), we have 

/?*,,= A 


A-, 4 


pk+1 = 




= _ L_ 

(-^o)i+i 

Thus, in general, 


&om equation (13b). 


/j = 

The above is true for all the cases. Thus if (Zo)^ is known, is simply ob- 
tained as the inverse of the denominator polynomial. . 

VI. IKTUT IMPflDANCK 

Putting k — n—\ in Eq. (2) and noting that = oo we have 


i = i. (^i)«-i?+(iioW 


VO (A)«»i(?) 


... (26) 

Putting h = n~~2 m (2) and substituting for (^i)n-i from Eq. (26), we have 

... (27a) 


^ (A Wg) 


where 


Wn-tfa) = 

= (4a)«-29“+(^i)»-s ?+(-4o)„.. 


... (27b) 
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“ (■®l)w-2?H“(-®o)n-r2 


(27c) 


Similarly, 


iZ^)n-. 


^ 1 mr^iq) 
(AW?) 


where 

= (■^8)»-33* “1“ (-^ 2)«-3?^ "t" (-^l)n-3? + (-^ 0 )^ -3 


... (28a) 


'I' 



... (286) 


(A)w-3(2) — ^ 

- (A)n-3?®“|-(A)n-a?+(A)n-3 - (28c) 

Expressions (26) to (28) bear some similarity with the corresponding expres- 
sions (8) to (10) for Zq. In this case, however, the numerator coefficients are to 
be regarded as the basic quantities and the denominator coefficients are to be 
derived from them. Proceeding in a manner exactly similar to that in deriving 
the expression for Z^^ it can be shown that the input impedance of an 7i-mesh 
R—G ladder is given by 

\ (^«-r)o3^-^ 

(Z,),= - ... (29) 

pG n-i 

S (AWoS^-^’^ 

tmO 

where (ylo)(, =1, (^„_y)o is to be obtained by following rules 2 to 6, with (i?x.Jy)jb re-; 
placed by (-d„«y)o, and k by n, and (A-r-ilo is calculated by the following 
formula : 


... ( 30 ) 
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The input impedance for the case is given by a formula similar to (29) with 
replaced hyV,vhyV,q by Q and ll(pC) by i?, where U, V and Q are respectively 
the inverse of v, u and q, 

RL LA.DDER NETWOEKS 

The two forms of ladder networks containing resistance and inductance only 
are shown in Fig. 4; the element values are chosen as follows : 

iZft = UjcR and L*. = Lj^ 

for the R~L case (Fig, 4a) and 

a-nd jf^ — RjVif 



Fig. 4. Showing forms of goneral rosistanoo-mductanco ladder networks j (a) R^-L form 
(b) L-R form. 


for the L-R case, (Fig. 4b). Then the recurrence relations for the output im- 
pedance are given by 


(Z = R * 

R L case ^k{^o)k-il 


(31) 


(^o)ft =P^ 
L‘R case 


{Zok^ili pLHUk 


(32) 


where q = RI{pL) and Q = pLjR. Now computing (^o)/fc for ^ — 1) 2 and 3 for 
both the cases, it will be easily seen that the R-L and the L-R cases have become 
identical with R-C and C-R cases respectively, except for replacement of 
llipG) by pL and the interpretations of q and Q. Once (Zo)n found, 

{Zik can be easily obtained as in the previous cases, 
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I.^-C LADDER NETWOBKS 

The two forms of inductance capacitance ladder networks are shown in Fig. 
5, where the elements have been chosen as follows : 

Ljfc = Uif^L and 0^ — v^G 

for the L-G case and 

h = LIVj, and G.^GjUj, 

for the G-L case. The recurrence I'elations for the output impedance can be found 
to be given by 



= pL 



... (33) 

L-G case 


(Zo)» 

1 

pG{^^k~\-V^lt 

... (3^) 

C-L case 

p(J 



where q = p^LO and Q = IKp^LC). Relation (33) is the same as (3) with R 
replaced by pL and q interpreted as p^LG. Similarly, relation (34) is the same as 
(17) with R replaced by pL and Q interpreted as ll{p^LG). With these modifica- 
tions, the L-C and C-L cases become identical with R-C and G-R cases res- 
pectively. 


l/|L T^., U^L 7^ 

fi ® T ®T ® T 

1 r,c i>jc v^c 

^r,L 

— Kjy— — yo 

(c) 

'^Krt 



c/ii, 

C/Ur, 

II 


1 II t II T ' II "r^“~ 

J 

~r 



- 


Fig. 5, Showing forme of general inductance capacitance ladder networks r (a) L-C form 
and (b) C-L form. 

CONCLUSION 

A technique has been presented for finding the terminal inpedanoes and 
transfer function of general two element ladder networks; the final expressions 
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are obtained as a ratio of polynomials in pCR or (EC ladder), 

pLjR or RKpL) (RL ladder), mdp^LC or lj(p^LG) (LG ladder) whei’e R,L 
and G are normalising parameters. It has been shoAvn that the coeffioionts 
in one of the polynomials can be obtained in terms of known constants uj^ or 
and Vjfc or by empirical rules; the coefficients of the other polynomial 
are obtained from those of the first by using a simple formula. 
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A NATURAL OCCURRENCE OF BETA FORM OF 
IRON OXY HYDROXIDE* 

K. C. CHANDY 

Minebalociist, Geolooioal Survey of dtdia, Oaloutta, India 
{Received May^ 17, 1962) 

abstract. Tho heavy inijioral fraotiong of a natural coke (Jhama) from borehole 
JK'6 at Kirkojid, Jharia coal fiold, India, have been investigated by X^ray diffraction methods. 
In addition to the minerals felspars, caloito, siderjte, apatite, ilmonito, dolomite, goethite, 
hematite, magnetite, and quartz, it was found that ono sample of coke from depth 378!$'-4* 
in the borehole contained the beta form of iron oxyhydroxido which is not reported to 
occur in tho natural state. This occurrence io described and discussed in the light of exiffcing 
knowledge on the conditions of formation of beta iron oxyhydroxido, \ 

Natural coke (Jhama) formed by contact action of intrusive lamprophyre 
sill is common in the coal fields of the Damodar Valley. As pari of a programme 
of research on natural coke conducted by the Petrology Division of tho Geologi- 
cal Survey of India, the heavy mineral fractions of the natural coke from 
borehole JK-5 at Kirkend, Jharia coal field, India, have boon investigated by 
X-ray diffraction methods. Of these, one sample showed the presence of the 
Beta form of Iron Oxy hydroxide. This note gives the details of the occurrence. 

The coke from depth 3785'— 4 in the borehole was powdered and the heavy 
fraction separated in Bromoform. The yield was very poor, consisting of a few 
dark coloured opaque grains. Under the binocular microscope, many similar as 
well as different types of grains could be discerned. There wore many clear and 
transparent crystal fragments. Some brownish black grains with patches of 
brownish red on them were highly magnetic as tested by a hand magnet. 

In view of tho limited material available and to facilitate X-ray identification, 
the following procedure was adopted : 

(1 ) The heavy mineral fraction separated in bromoform was powdered and 
the brick red powder was coated on a thin glass fibre. X-ray diffraction 
pattern recorded in a philips 134.6 mm camera using filtered iron radia- 
tion yielded the spacings recorded in column IT ef Table I. 

2) After separating the heavy fraction as in 1 above, the highly magnetic 
grains were removed by a hand magnet. The few grains obtained 
were carefully crushed in an agate mortar and loaded into a Lindemann 

* Published with the approval of the Director Goaeral, Geological Survey of Irxdia, 
Calcutta. 
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glass capillary. A pattern recorded under same conditions as above 
gave the spacings listed in column III of Table 1. 

3) The material remaining after operation 2 was placed on the stage of a 
binocular microscope. By means of a hypodermic needle attached 
to an India rubber bulb, 'similar looking grains were picked out and 
mounted at the tip of a tapered drop of Canada balsam formed at the end 
of a stiff glass fibre. The X-ray beam was allowed to penetrate the tip 
of the globule in order to record the pattern of the grains. As a result 
of this investigation, the following minerals were found to be present 
in the heavy fraction of this natural coke .—feldspars, calcite, siderito, 
apatite, ilmenite, dolomite, goethite, hematite, magnetite, and quartz. 
In the course of this work, a few brownish red grains which appeared 
like broken bits of brownish rod sealing wax under the microscope were 
encountered. Two of these grains could be mounted. Column IV 
of Table 1 gives the diffrac;tion spacings jecorded with this specimen. 

TABLE I 







Hematite 

Magnetite 

Goethite 

Lino 

Hoavy 

Magnetic 

Non-inagnot- Sample III 

A.S.T.M. 

A.«.T.M. . 

A.S.T.M. 

No. 

fraction 

grams 

tic grains 

heat ti'eatod 

1-J063 

1-1111 

2-0272 

1 

n 

in 

TV 

V 

VI 

VII 

VIII 

] 

7.43(in) 

7.43(m) 

7.42(in) 





2 

5.25(w) 

5 . 24(vw) 

5 25 (w) 





3 

5.00(vw) 




6.00(20N) 

4 

4 84(vvw) 4.82(vw) 


4 . 84(vvw) 


4.85(6) 

4.6(40B) 

5 



4.63(vw) 




* 6 

4.20(w), b 

4.19(m) 

4.19(vs) 

4.22(ww), 



4 18(100) 

7 

3.7J(vw) 

b 




H 

3.fi8(vw) 

3.08(w) 

3 . 09(m) 

3.68(18) 



d 

3.66(vvw), 

a,d 



3.68(vvw) 



3.36(30) 

10 


3 36(vvw) 




11 

3,33(mbBp) 

3.33(m) 

3.32(8) 

3.34(wsp), 

b 




12 

3.18(w8p), 


3.19(w) 





13 

3.03(m),o 

3.03(w). 0 


3.03(m), D 


.2.97(28) 

2.98(20B) 

14 

2.90(vw) 

2,90(m) 

2.97(vvw) 

2.96(w) 


15 

2.8I(vw), 

2.82(m), 


2.81(w), 





g,d 

g. d 


e- d 




16 


2.74(vvw), 





17 

2.69(iiib) 

2.697(b) 

2.70(m) 

2.70(m) 

2.69(100) 


2.69(80) 

18 

19 

2 . 02(vvw) 

2.027(vw) 

2.627(vw) 

2.D85(w) 



2.53(100) 

2.67(20N) 

20 

2.62(vsh) 

2.53(vsb) 

2.539(ni) 

2.62(v8) 

2.51(75) 


21 

2.41(ww) 

2.45(w) 

2.456(s) 

2.42(vvw) 


2.42(11) 

2.45(80) 

22 

2.35(vvw) 

2.378(vvw) 








TABLE I {contd.) 


Line 

Heavy 

Magnetic 

Non-magnet- Sample UI 

Hematite 

A.S.T.M. 

Magnetite Goethito 
A.S.TJM. A,S.T.M, 

No. 

fraction 

grains 

tic grains heat treated 

1-1053 

1-1111 2-0272 


23 

2.28(vvw) 

2.286(w), 

2.289(w) 

2 . 29(vvw), 




24 



2.26(w) 




2.25(30) 

25 

2.l97(vw) 

2 20(m) 

2 19(w) 

2.20(w) 

2.20(18) 


2.18(60) 

26 

2 153(w) 

2-158(vw) 


2. 16(vw) 




27 

2,092(vw) 

2.096(m) 

2.096(vvw) 

2.00(w) 


2.10(32) 

2.09(5B) 

28 

2.058 

2 . 062(vw) 






(vvw) 







20 

2.01{vvw) 

2.02(vw), 





2. 00(1 ON) 

30 

1.939 

1.943(w) 

1 .952(vw) 




ij 


(vvw) 






'\ 

31 

1 . 853(wb) 

1.838(m) 


1 85(w) 

1.84(63) 


n 

1 . 80(40) 

32 



1.81(vw) 




33 

1 748 

1.774(w) 

1.76(vw) 





(vvw), d 







34 


1.7l8(m) 

1.724(mb) 



1.71(16) 

1.72(70) 

36 

1.6g6(nvb) 

1 .692(s) 


1.696(w) 

1.69(63) 


1.69(30N) 

36 

l.a37(vw) 

1.636(m) 

1 .639(w) 





37 

1 .6l2(vw) 

1.613(m) 

1 .61 (vvw) 

1 . 606(w) 

1.60(13) 

1 .61(64) 

1.60(30) 

38 

1 . r»9(vw) 







39 


1 66(w) 

1 . 667(w) 




1.56(50) 

40 

1.519 

(vvw) 

1 .51(w) 

1.5J5(m) 




1.51(40) 

41 

1 482(mb) 

1 484(s) 

1 .479 
(vvw) 

1 .453(w) 

1.4B6(mb) 

1.491(50) 

1.48(80) 

•l.47(40B) 

42 

1 .45(mb) 

1 462(111) 

J .452(w) 

1.45(50) 


1 45(50) 

43 


1 .418(vw) 

1.423 

(vvw) 

1 .380(vw) 




J.42(20N) 

44 

1.378 

(ww) 

1 376(vw) 




1 .39(20N) 


45 






] .36(30N) 

46 

1.316 

1.311(w) 

1 .318 

1.318 

1 31(18) 

1 33(6) 

1.32(30) 


(vvw) 

(vvw) 

(vvw) 



1 .29(20N) 

47 

1 28(vvw) 

1 .278(vw) 



1.28(20) 

48 

1 144 

1.148(w) 

J . 149(w) 


1.14(13) 




(vvw) 




1.09(32) 


49 

1,092 

(vvw) 

1 092(w) 


1 .09(vvw) 





IT Heavy fraoLion of the natural coke (sinking in Bromofonn). 

III Magnetic grains picked out from II by a hand magnet. _ 

IV Non-iiiagnotic grains picked out from fraction II. 

V A portion of sample of II after heat treatment at 280°-300*'G. 

B Broad 

ap spots superposed/spotty line a line duo to anatase 

b lino due to quartz c line duo to oalcite 

d line due to si derite e line duo to Ilmenito 

f line due to feldspar g lino due to Apatite 

. Other symbols have usual meanings- 

All spacings are in Angstrom Units and the intensities are given within parentheses. 
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A study of Columns If, III, and IV of Table 1 shows that in all the three 
patterns there are certain prominent lines common to them, which htive not been 
accounted for as due to any mineral. These lines have been picked out and recorded 
in column II ol: Table IT. An attempt was^mado to account for these linos, it 
was intei'esting to note that these lines were alv'^ays present witli one Or more of 
the iron minerals gocthite, hematite,- magnetite, and- -HideiTte,' suggesting'" inci- 
dentally, that they may belong to air iron compound. A comparison of these 
spacings with those of known iron compounds showed that they agreed closely 
with those of Beta iron oxy hydroxide. The X-ray data for this com])ound as 
obtained from literature arc given in columns ITT to VIT oi J*able 11. ’It may bo 
noted from Table I that the other lines of Beta form of iron oxy hydi-oxido are 
also present in the X-ray patterns though overlapped by linos witli similar 
spacings of other constituents. 

The presence of Beta iron oxy liydfoxule was'lnrther confirmed by heating 
experiments. It is reported in literature that all the known iron oxy hydioxides 
transform into oxides of iron at a temperature around 250^^0. A portion of the 
sample us(hI in taking the pattern for data of (loliimn II of Table I was healed 
between 280-300“C foi- about 3 hours. The spae-ings obtained from this heated 
sample are recorded in column V of Table I. Though the lin^s were diffuse, the 
new spacings lire cousislent with the transformation of beta iron oxy hydroxide 
and geothito to hematite. The presence of the other components in the heated 
sample shows that tliey remain unchanged at this temperature, 

Further attempts bo get a purer fraction of Beta iron oxy hydroxide alone 
were not successful. However, it may bo noted that the sample concerned with 
the data of column IV of Tabic T (this is j'epcatcd in oolumn VllI of table 2) 
contains practically gootlute and beta iron oxy hydroxide onI3^ 

A recent study (Has Gupta and Mackay, 1959) has shown that 01“ oi' F" 
ions (but not Br ' ions) are necessary for the foiinatibn of Beta iron oxy hydroxide 
vvrhich can be prepared artificially by the hydrolysis of any ferric compound in the 
presence of the above ions. In the present case, thc.amount ol.hetivy fraction was 
so small that no chemical analysis could be conducted However, it may bo noted 
tliat Cl" and F~ ions are readily available in the volatiles from the lamprophj^rp 
which causes natural coke formation. So the presence of beta iron oxy hydroxide 
m the natui’al coke is consistent with its conditions of formation . It is interestbig 
to note, here that this form of iron oxy hydroxide is not reported to occur in the 
natural state**, though van Schuylenborgh (1949) has concluded from his study 
that it may occur along with linionites (goethite); an association borne out by 
this study. 
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C. ChaTiAy 
TABLE II 


X-ray data for Beta TeO-OH. 

Lino Some ■ - ■ Non-mag- 


No. 

Common 

A.S.T.M. 

A.S.T.M. 

A.S.T.M. 

A.S.T.M. 

Das Guptaf 

netic 


Lines 

1-0662 

3-0440 

3-0430 

6-0480 

(I960) 

gramstt 

I 

11 

111 

IV 

V 

VI 

Vll 

VIII 

1 

7.43 

7.4(63) 

7.45(80) 

7.40(90) 

7.6(85) 

7.403(v8) 

7.42(m) 

2 

6.2.5 

5.26(6) 

5.26(80) 

5.29(70) 

5.3(75) 

5.249(ni) 

6,25(w) 

3 




3.71(30) 


3.704(vw) 

3.7l(vw) 

4 


3 .33(100) 

3.32(100) 

3.33(100) 

3.33(100) 

3. 311 (vs) 

3.32(S) 

5 

2.027 

2.64(15) 

2.64(40) 

2.63(60) 

2.62(46) 

2.616(m) 

2.627(rw) 

6 


2.56(75) 

2.54(100) 

2.55(90) 

2 55(80) 

2.643(s) 

2.r,39(Ai) 

7 


2.37(5) 

2.30(10) 

2.36(40) 


2.343(w) 

\ 

8 


2.29(25) 

2.28(80) 

2.29(80) 

2.28(40) 

2.285(111) 

2.289(w)| 

9 


2.10(5) 

2.10(20) 

2.10(40) 

2.09(15) 

2.097(w) 

2.096 








(vvw)-G 

10 




2.06(30) 

2.05(15) 

2 004 (w) 


11 

1.052 

U96(25) 

1.94(40) 

1.96(70) 

1 .94(35) 

1 .944 (ms) 

1 . 952 (vw) 

12 


1.87(5) 

1.85(10) 

1.86(20) 

1 .84(15) 

1 . 864(vw) 


13 


1.75(10) 


1.76(45) 

1 . 74(25) 

1 . 746(in) 

J . 76(vw) 

14 



1.71(10) 

1.73(1.5) 


1 .710(vw) 

1.724 








(mB)-G 

15 

1 .639 

1.66(45) 

1.63(100) 

1.64(80) 

1.63(55) 

I ,636(vs) 

1.639(w) 

10 



1 .65(10) 





17 


1 .51(15) 

1.51 (.50) 

1 .’62(55) 

1.51(15) 

1.513(111) 

1 515 








(m)-G 

18 


1.49(5) 

1.48(40) 

1.49(30) 

1.483(10) 

1.497(w) 

1 .479 








(vvw)-a 

19 






1.480(w) 


20 


1.45(25) 

1.44(60) 

1.46(60) 

1.434(30) 

1.438(8) 

1.453 








(w)-G 

21 


1,38(16) 

1*38(60) 

1.38(50) 

1.373(20) 

1.374(111) 

1.380 








(vw)-G 

, 22 


1.32(5) 

1.31(40) 

1.31(40) 

1.310(8) . 


1.318 








(vvw)-G 

23 


1.24(5) 



1.221(6) 



24 


1.15(6) 

1.14(60) 

1.142(10) 



1 .149(w) 


f t Data from column IV, Table 1 , after eliminating lines due to Goethite only, 

a Overlapped by lines due to Goethite. 

Note: All spacmgs are in Angstrain units, and intensity estimation are given within 
brackets. 
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Petrology Division, during the course of this investigation. My thanks ai'e 
duo to my colleagues in the Mineral Physics section, specially to Dr. D. K. Das 
Gupta for very interesting and stimulating discussions, and to Mr. S. P. Sanyal, 
Asst. Geologist, who has helped me with the heavy^ mineral separation. 
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THE CORRELATION OF SPREAD ON ONE NIGHT 
AND THE SUCCESSIVE NIGHTS 

M. ,S. V. GOPAL RAO and R. RAMACHANDRA RAO 

(lONOSPlIEIlJO llESiSAKt’H LaBOUATOTIIKS, PllVSlCS DePABTMKNT, ANDHJIA 
UNJVEJlSlTy, Waltaiii) 

{Received Aj>nl 30, 1962) 

ABSTRACT. A oorrolation coettlcionts of spread ~P nn one nighl- and tho snccoasive 
nights wi'ro o^stiinatoc] and it was found that it is positive and significant for 24-hour tune 
shift for VValtair data. Data for first half night showod hotter correlation both for 2‘fl-and 
4S-hour time ajiifts. There is a distinct seasonal variation in tho correlation. The corio- 
latiori for Kodaikunal data is not sigmficant for most part of tho year. \ 

■ 1 • * 

In hiH study of radio filar scmtillations Hewisli (1952) observed that days 

with large lb let nations tended to occur m groups. Because of the elofie correla- 
tions betMa->en these sointillations and spread F observed on loiiogi’ains it is 
possible that nights of large spread F index may also tend to oecui in groups. 
Briggs (1958) investigated this aspect by finding iiorrelatioii cocffieientH lietween 
the mean spread F index for one night and suecessive nights for Slough and 
Inverness stations. He obtained sigmficant puxitive correlation coefiicients for 
some months for time shifts of 24 houis and positive coefficients * of reduced 
significianoe were obtained for 48 hours time shifts. In view of the gross 
differenoes in tho spread F characteristics betw een high unci low latitudes it will 
be of interest to oxaminc this recurrence tendency of spread F on successive 
nights at equatorial latitudes. Spread F index data collected at Waltair 
utilising tho 0-10 index scheme of Gopal Rao et al., (1900) and that of Kodai- 
kanal reduced from the regular f^F^ data bulletins following Bi’iggs (1958) 0-3 
index system have been used in this study. 

As the phenomenon of spread F is predominant during the pro-midnight 
period, the data for the months of January and February, 1959 is taken through- 
out night and the first and second half night data are analysed separately with 
a, view to find if there is any difference in behaviour. Fotihis purpose the mean 
spread F index is obtained separately for the first half and second half night time 
data and coiTelation coefiicients are obtained for 24 and 48 hours time shifts. 
The results thus obtained are shown in Table I along with the values pbtained 
for the full night data. Similar analysis is carried out over an extended peiiod of 
one year from March 1959 to February, I960 using tho first half night data. 
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Th^ Correlation of Spread on one Nighty etc, 

TABLJ3 I 

Waltair (Fu-st hall’ night) 1959-1060 





Time sluft 


Period 


24 hra. 


48Ju¥i. 


r 

8 P=0.0l 

P-0.05 r 

s r-0.01 P-0.05 

Jan., 10 iio Feb., 10, 
1960 

(Full night) 

4-0.67 

±0.12 

1-0 28 

±0.17 

First half night 

+ 0.49 

±0.14 

±0.20 

-+0 17 

Second half night 

to 36 

±0 16 

1-0.007 ±0 17 

South Solstice 

1-0.47 

±0.13 

1 0.04 

+0.13 ~ — 

Vernal equinox 

+ 0.08 

±0.12 

— , 1 0 21 

+0,12 

North Solstice 

-0.14 

±0 14 — 

— -0.41 

±0.14 * 

Autumnal oqumox 

1 0 22 

±0 13 — 

— 4 0 03 

±0.14 — — 


In view of the dintlnct seasonal characteristics of spread F at Waltair (Hao and 
Tlao 196'l)j the data is divided into four [)arts, two corresponding to cquinoxial 
and the other two to solsticial seasons. The correlation coefficients thus obtain- 
ed for oacli season are shown in Tabic 1 along with the value. The signilicance 
of the coefficients is tested at F = O.OJ level and indicated by asterisk if signifi- 
cant and dash if not significant. Kesiilts of a similar analysis for Kodaikanal are 
shown in Table IT. 

TABLE IT 

Kodaikanal, 1955-1950 


Time shift 


Period 


24 hrs (first half night) 

24 hrs. (full night) 

r 

: 8 P-=0.01 P==0.05 

r 

8 P-^0.01 P=0.06 

South Solstice 

-0.08 

±0,12 - ■ - 

+0 02 

±0.12 

Vernal equinox 

-0.06 

±0 11 — — 

-1-0.03 

±0.11 - - 

North Solstice 

-0 08 

±0.11 ~ - 

-0.27 

±0.10 * 

Autumnal equinox 

+ 0.21 

±0.10 — — 

4-0.06 

±0 11 - - 


Considering the results for the full night data for January — February, 1959, 
it will be seen from the results presented in Table I that the correlation coefficients 
are in general significant and positive for 24 hour time shift and positive but less 
significant for 48 hours time shift, a result which is in agreement with that reported 
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by Briggs. The data for the first half night showed better correlation both for 
24 hour and 48 hours time shifts compared to the second half night time data. 

The results of Waltair for the various seasons using first half night data 
indicate that tho day to day recun-ence tendency of spread F is strongest only 
during south jolsticc and is moderate during autumanal equinox and poor during 
rest of the year. Further, during north solstice the coefficients turned negative 
also. For 48 hours time shift it is significantly negative during north solstice 
indicating large variations in the spread F on alternate nights. The coefficients 
at Kodaikaiial are in general not significant during most part of tho year except 
during north solstice when it is found to be significantly negative, using the full 
night data. The overall picture seems to suggest that at these equatorial latitudes 
the day to day recurrence tendency of spread F is observable, if any, during 
local winter only and is completely reversed during local summer months. Exa- 
mining these results in the light of the results reported by Briggs^ (1958) for high 
latitudes, it appears that this recurrence tendency of spread F on successive or 
alternate nights will be stronger at higher latitudes than at equatorial stations. \ 

It is becoming well knoum that equatorial spread F is inhibited during 
magnetic storms. If a severe magnetic storm commences and remains for a few 
days, it will cause high spread F activity at high latitudes and keeps calm condi- 
tions without spread F at equatorial stations. Thus at low latitudes it js quite 
lilicly that nights without spread F ’may occur in groups than those of high or 
low spread F as observed at high latitudes. 
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UNIT CELL AND SPACE GROUP OF THIODIGLYGOLLIG ACID 

SUKLA ROY 

Dbpahtment Of Genkjial Phvbios and X-kay, Lnhiajs Aksociation fok the 
OULTIVA'JTON OF SciEJiTOB, CALCUTTA A2 

(Received May 4, 1962) 

Thiofiiglycollio acid, HOoC-HgC-— S-CHg — OO 2 H, is of uiierest because of 
its use as a precipitating organic reagent for zirconium (Sant and Sant, 1959). 
It is also used for the detection of copper, lead, mercury and silver and for the 
the estimation of cadmium. 

Recently, we have started studying the crystal structures of various orga- 
nic anal;^dical I'eagents and their metal derivatives and the investigation of the 
crystal structure of thiodiglycollic acid was undertaken in this connection. 

Satisfactory single crystals were obtained by evaporation at room temperature 
of a concentrated aqueous solution of the compound. The crystals appeared as 
as plates elongated in a direction subsequently designated as the [a axis. 

Oscillation, zero— and tot— layer Weissenberg pictures were taken along 
both the ‘a' and the ‘6’ axis, using copper X-ray radiation. The crystal is found 
to be orthorhombic with 


a = 5.03 ± .03 A 
b= 6.6 ±03A 
c== 17.74 ±^03]A 

The observed density is 1.66 gm/cc. The calculated density for four molecules 
is 1.70 gm/cc, Therefore, there are 4 molecules per unit cell, 
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Letter to the Editor 


On indexing the Weissenberg photograph the foUowing extinction condi- 
tiona were observed. 

0 0 I absent for I 

oho absent for k ^2n 

h 0 0 absent for h ^2n 

0 k I absent ior k-\-l ^ 2n 

h 0 I absent for h ^ 2ti 

h k 0 no systematic absence. 
h k I no systematic absence. 

The space group is tlius either Pnji2i or Pnam. It may be seen that the axes^ 
have been so assigned as to conform to the space group symbol Pna2i rather than^ 
conform t(j the convention c < a < h. Further work is in progress. 

The iiuthor is thankful to Prof. B. N. Srivastava, D.Sc., F.N.I,, for his keen 
interest in the problem and to Br, Sankar K. Dufcta for suggesting the problem 
and guidance throughout the piece of work. 
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BOOK REVIEW 


ffE ABUNDANCE OF THE ELEMENTS. By Lawi'once H. Aller. Pp. 283-1- 
xi; Interaoience Monographa and Texts in Physioa and Astronomy, Vol, 
VII. Interaoience Publishers. New York, London, 1961. $ Price 10.00. 

In this book the author presents our knowledge on the quantitative distri- 
bution of the elements in the ‘Universe’ at the present age. The contributions 
to elemental abundance from different sources such as the sun and stars, the 
gaseous nebulae, the interstellar medium, cosmic rays, the earth’s crust and the 
meteorites have been discussed in five different chapters, where a good deal of 
astrophysics is summarised. 

The discussion on abundance of isotopes of different elements is given in 
Chapter 7, which is followed by a chapter wherein a revised Suess-Urey compliation 
of abundances is jiresented. Stress has been laid on the experimental data and 
the theory of the formation of isotopes and of stability of nuclei has been dealt 
with in brief. In the chapter on ‘Composition Differences between Stars’ 
the author presents an well informative discussion on difference of elemental 
abundance in stars of different ages and based on deductions of spectrosoopical 
observations, and accordingly explains the nomenclature of ‘helium stars’, 
‘carbon stars’, heavy metal stars, etc. 

In the last chapter the author discusses in detail different theories and 
hypotheses of nucleogenesis, especially of Burbidges, Fowler and Hoyle and 
their bearings on the problem of elemental abundances. 

The book is full of up-to-date information from various sources, the clarity 
and scholarly presentation of the subject matter wiU be appreciated both by 
research W'orkers and students and by people interested in cosmogony. 

B. N. Bhar. 
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PERIODICITY AND STRUCTURAL DEVELOPMENT 
IN NUCLEI 

A. K. DUTTA, JB. PAL, A. DAS GUPTA and N. CHAUDHURY 

Palit Lajioratoiiy ojr Physios, Cahutta Univeukity. 

{Helmed June 1, 1902) 

ABSTRACT. Tho fleviHtioiiB of iho stable imcloar luassos from tho Boiho-Woih/.ackor 
imlatioji hnvo beoyi rtoLonmned with tbo holp of the constants pioviously dotcrinmod by Green 
(1954) as well as by a new sot of constants doteriiuned now. Tlio masses were taken from 
EvorliiiKB (1900) data. The deviations fall on a number of periodic curves connected through 
the isotopes on excess neutron basis. The minima of tho periodic curves sJiow a nearly constant 
charge variation axid a liquid crystal stmctui-e has been suggested lor tljo nuol(‘i, composed 
of ditfeiont aubgrou]iH of oloiiiontaiy nuclei Li, Be a;id B The number of .subgroujis in a 
composite structui-e explmus the obsi'rvod jieiiodicjty. Q’ho cohesion eneigy between the 
subgroups obtains a nearly constant value per unit. 


INTRODUCTION 

111 a short iiotCj one of us (Dutta, 1961) has shown on a nimilier of periodic 
curves, the distribution of the exporimeiital deviations of stable nuclear masses 
fioni the Bethe-Weis/ackor relation. Tho exporimontal mass values were taken 
from Duckwoi’th's compilation (1958). There were only few data available beyond 
the element 62, and the curves were, therefore, limited to that extent. The 
constants used for the Bethe-Weisziieker I’clation Avere those suggested by Green. 
They had been determined on an indirect procedure of evaluation (Green, 1954), 
with stages of approximation. 

We have taken now the more complete data of Overling (1960), which arc 
not always identical with Duckworth’s values. We have plotted with the help 
of Gi'eon’s constants, the deviations AM of the stable nuclei against mass 
number, in Fig. 1(a), with the oxygen mass scale as the standard. We haye also 
]-edctermined the constants of the Bethe-Weiszacker relation by the method of 
least squares. Wo have used for the purpose tho complete summation over the 
250 stable isotopes, the relevant binding oiiorgy data being taken from Everling’s 
table. The constants of the relation, 
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so determined, modify those suggested by Green, as shown in Table I below. 


TABLE J 

Constants of the Bethe-Weiszackei' relation 



ai 

aa 

aa 

a^ 

tlroon 

J6.91S 

19 120 

0.763 

101.78 

New Value 

10.719 

18 005 

0.75J 

90.850 


We have plotted, again, the Ailf values, caloulaled witli the new eonstants, 
in a second set of graphs, shown in the same diagram, (Fig. 1 b). (Our thanks are 
due to the Director, Statistical laboratory for the calculation of some of the 
necessary data by electronic^comjiutors.) i 

We would now discuss the procedure for plotting the points and would tty 
to understand the implications. We consider here the deviations AJIf, froT|ii 
the Betlie-Weiszacker relation, to be accounted lor by the slriictural energA^^ 
a minor addition on account of the structural configuration. This is a generally 
accepted idea by workers in this line. 8uch deviations from the Betiie-Weiszacker 
j'elation Avere calculated by other Avorkers also (Green 11)58, Seeger lOOl). The 
haphazardly distributed Ail/ plots against mass numbeT* always exhibit a periodic 
character of the distribution of excess mass or energy in a general way. This is 
shown m the plots of Green, incorporated here, in Fig 2, to make the periodic 
oharactei' self-evident. TJie sorting out of tJie individual curves ha^ not been 
attempted before, as a general procedure. Moser (195t)), however, had con- 
nected the Aiif Auiluos for odd nuclei. In effect, this actually picks out one 
periodic curve from the suiierposition of a number of them. 

In the process of sorting out of individual curves, based on structural corre- 
lation, we woukl be justified in correlating or joining uj), all odd charge nuclei 
and even charge odd nuclei separately in tw'^o curves. Tlicy'^ are expected to be 
structurally allied from the point of view of symmetiy. The curves wouhl indi- 
cate the corresponding structural energy fluctuation against nuclear development 
or mass number. In Fig. 1, v'c have indmated the points on these curves by 
crosses and solid circles, rc.spectively. We are, thus, left with the even -even 
nuclei to be structurally correlated and they form the bulk of the multitude of 
points. From the element ^ — 10, N = 10 to the element Z ~ ^“1, N ^ 126, 
we have in all 150 stable oven-even nuclei. The set gives us 37 possible elements, 
with a number of isotopes for each element and 59 possible variations in neutron 
number's, associated with different isotones. We Avould, thus, have a larger 
number of curves run through the isotopes of different elements, than through the 
isotones, on any systematic basis of running through the jioints. It is expected 
to require a larger number of curves through all the 150 iioints to bring out the 
periodic natui'e of the individual curves and thus the curves through the isotopes 
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of diffei'out elements are more rational, from the (lesir<‘,d point of view. We have, 
however, attempted to draw the periodic curves through the isotonew; also, inspite 
ol the limitations. To fori;e a periodic character to the curves through the iso- 
tones, we have, at many places, given a wave form to the ij’rcgular fluctuations 
in consecutive points, which is without any real significance, The cui’ves through 
the isotones are drawn soparately in Fig. 1(c). 
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Fig. 2. Doviatious aM againsl- mass number from Green, (1958,) 


Wo come, now, to the choice of even-even isotopes, as also of the isotones 
to bo joined in a sequence. Tn an attempt to explain the structural periodicity 
of the nuclei, on the basis of the shell model, Scegor (1061) had modified 
the Bethc-Woiszaoker relation and had incorporal ed a structural term in 
the relation, 

where the structural term Z') is to be determined by the relation, 

Z') -= sin N'Tt sin ZV-f Vj sin 2i\"'7r+ vj, sin 2Z'7r 
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of nucleons for the different periodicity loops. This is also satisfied by the magic 
numbers. Further, in order to satisfy the basic requirement of a balanced dis- 
tribution ot protons and neutrons in the nuclear space, it is neoessaiy for the shell 
structure to have both the neutron and the proton nuniber.s increasing simulta- 
neously in periodicity loops, with increasing nuclear size. Otherwise, undue pre- 
ponderance of one or the other constituent would occur in comparatively large 
regions of nuclear space, and this is against the basic conception of balanced 
nuclear composition. The findings, therefore, go against any shell model, inspito 
of the occurrence of some magic numbers. 

We have already observed that the periodic minima arc separated by 
approximately U units of charge with increasing number of neutrons, for sizes 
of the nuclei containing at least 130 nucleons. Wo have also noted that the perio- 
dicity numbers fails to satisfy the requirement of a shell structure. Wo have, 
therefore, to look for other alternative possibilities. Addition of small and nearly 
fixed amount of charge for periodicity, tends to suggest the growth in the form of 
li liquid crystal structure, and, naturally, with gradually more composite typo of 
crystal configuration for larger necloi. In order to explain the periodic curv'-os 
on this basis, we must visualise the grovdh of the nuclei within a particular 
structure group, in such a way, that with increasing number of nucleons in that 
structure, they become at initial stages jnore strongly bound and on further 
addition of nucleons tend to be unstable. A more composite form of structure 
would, then set in, to accommodate more nucleons. Kepititions of this process 
would give us tlie periodicity curves. 

We should realise that vdien a structure grows by addition of protons and 
neutrons in the same structmul pattern, as in a classical procedure of two adjacent ^ 
layers, we would be involving the nucleus to a gradually larger surface area. 
On account of the tendency of a nucleus to obtain a minimum surface area with 
constant spacings, we Avould expect with larger number of nucleons, a larger 
number of groups, each with a smaller nucleon number to make the structure 
more compact. This would cause a smaller surface area. The properties of 
minimum surface area and constant spacing are recognised for nuclei. 

Further, for the formation of the nucleus, the major divisions composing 
a particular structure, should have mutual attraction between them. In order 
that this is ensured, we may further consider the major divisions, when they are 
large, to be divided into subgroups and examine them for mutual cohesivity. A 
strongly bound subgroup like that of a closed configuration, would have a mini- 
mum attraction towards other segments and would not have a tendency to be 
associated wdth others to form a bigger structure. Thus, each of these subgroups, 
when visualised separately, must be, by themselves loosely bound and in such 
divisions into subgroups no portion should be left out, which by itself is strongly 
knit, These subgroups do not imply that the nuclei arc built with these smaller 
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units, in a ijrocoss of addition. They are only visualised here in parts, as a help 
to understancling cohesivity thr(jughout the entire nuclear structure. 

Let us now proceed to divide the nuclear crystal space into subgroups 
that are liable to be strongly bound by association. This signifies that 
they are theinselves weakly bound. It will be observed from the study of 
the masses of all small nuclei, given in Table III below, that the group Li, 

TABLE TIT 

Elements and masses of small nuclei in aMU 
sLia-a.Oll 4 Br 8-8 008 5 B 10 -IO.OI 6 

0^712-12 00.^8 7JVi*-14.0076 

2fl'B4_4..00.30 ;,Li7*-7.018 4flcf’-9-015 „BU-11.01.3 

,,C719~1:J.0076 7^'^''-16-00[50 

sLi^-S. 025 4Be»o_]0.017 5^12-12.018 

Be and B, with their variations of neutron nuraboi’s have large excels 
masses, (iomparod to He or C and N nuclei. They are, thus, weakly boun(\ 
themselves and would tend to be more strongly bound by association. We would, 
therefore, propose that it is necessary to visualise a nucleus, ns composed of sub- 
groups of neutron proton ai’rangenieiits whi(’h correspond to associations of these 
elements only, in order that cohesion is ensured throughout the nucleus. Any 
surplus group corresponding to associations of gHe* nuclei would not tend towards 
close binding. The unstable ^Be* nucleus also points towards that direction. 
This does not imply that the nuclei are actually built by the elemenfary nuclei 
Li, Be and B. It is only a way of testing the cohesive character of the entire 
i nucleus, by parts. In fact, on disintegration, we would expect a strongly bound 
unit like gHo"* to come out of the composite structure, with a redistribution in the 
arrangement of the remaining nucleons. The entity corresponding to the 2 ^^'* 
neucleus, would bo less strongly bound to the other regions ol the nucleus, ii some- 
how, the entity becomes differentiated in the nuclear structure. 

The periodic character of the nuclear structural curves may now be explained 
in the following way. The first set of maxima, with even-even nuclei, at Z == iO, 
^ ^ 20, 21, 22, correspond to nuclei association, equivalent to the sols, (gB^", 
(bB’®, qB^I) and bB“). The structure then changes over to a more 

composite character, to minimise the surface area and we get a decrease in the 
binding energy curve. The minima, in the following structural groups, with 
14, 28, 42 and .56 units of charge correspond respectively to 4, 8, 12 and 10 subgroups 
arranged in a composite form. These units may be looked upon as corresponding 
to the Li, Be or B nuclei, having charge values of 3, 4 or 5 units, with the necessary 
neutron numbers to give stability to the structure. It is apparent from the data 
that the larger nuclei require more neutrons in each of tlie subgroups. Such 
stniotural rearrangement would satisfy minimum surface area. The variation of 
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the charges correBponding to the minima may be aG()C)unterl for by slight modi- 
fication of the subgroups. The occurrence of maxima in the region of charge values 
20, with 4 subgroujis, at 32, 34 with 8 subgroups and again in the region of 46, 

48 with 12 subgroups would indicate, on this basis that the 4 subgroups structure 
changes to a more composite structure when tliey are saturated with Boion nuclei 
configurations. For 8 and J2 units the structure idiangos to a more composite 
torin much earlier than they are saturated with the larger subgroup units. The 
want of a pronounced minimum in tlio region of 70 charge units, expected from 
the periodic point of view, implies that the structure with 20 sul)gi‘ou])s are com- 
paratively weakly bound, throughout their range of combinations. The nuclei 
tend to become more strongly bound again from the chaige value of 78, when 
the structural ciomposition of 24 units operate. This is indic.ated fpfun the Aif 
curves in fig.l. 

A similar consideration for the odd charge nuclei with an odd number of 
subdivisions, to have a basic symmetry explains the luaxiiiia and minima for the 
odd charge curve. The even charge odd nuclei would have an even number of 
subgroups, an odd nuinbcv of which would contain odd neutron mimbors to sut isiy 
symmetry. The scheme ap])ears to explain the observed periodic structure and 
tjieir anomalies. At the same time it gives a timtativo sclieme of nuclear stnictnre 

We may further have a measure of the cuhesional energy between the 
subgroups an a nucleus, from the data of the suligroup masses given m Table ill 
and the mass of the nucleus. The mutual binding energy between the subgroups 
is derivable from the relation, 

Mutual subgiuui. energy - 

' number of subgroups 

This gives us as an approximately constant value of the order of ID mev for the 
mutual cohesion energy between the subgroups, except for few small nuclei, whore 
the value comes (hnvii to nearly 14 Mev. The calculated values arc given in 
Table J V below. The approximate constancy of the binding energy between the 
sub-groups, in all nuclei, satisfy the fundamental nuclear property of a uniform 
binding strength for the nucleons in all nuclei. It slso justifies the structural 
groupings for the diffei'ent composite nuclei, on which basis the values have been 
tail ciliated . Automatically, therefore, it justifies tlie liquid crystal structure model 
of the nuclei, the basis of such subgroups associations. Some jieculiaritics of the 
subgroup oohosional energy data may be noted. The fission product nuclei 
like Ye, Kr, Sr, Zr, tend to obtain the cohesional energy values per subgroup, 
a little on the higher side. The nuclei in the 20 subgroup units corresjionding 
mainly to the Kare earth group, have a tendency to obtain smaller cohesional 
energy. Of the smaller nuclei may bo considered to be a combination of 
ahi®, rather than of two ^Be® subgroups to obtain a I'casonable cohesional 
energy. 
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TABLE IV 


Element 

Nuniber of 
subgroups 

Subgroup 

elements 

Energy per 
subgroup 

(,01 a 

2 

2 Lio> 


14.0 

bOio 

2 

LiG, BIO 


ID. 4 

bOib 

2 

2Be« 


7.4 

lo^eau 

2 

2BiO 


15.4 

1 

4 

2 iy4«, 2 BeO 


18.6 

jn-Pai 

5 

4 I/io, i/iT 


19.0 

laAio 

4 

2 BeS, 2 B13 


17.9 

1„A'41 

5 

2 i/to, 2 Bii 


10 2 

2,C'o5« 

7 

2 Lio, I/t’, 2 Ben, „iiii 


20.7 

isNi'ifi 

8 

4 Li®, 2 Be®, 2 BO 


IS 0 

aa.4tf7 6 

7 

2 Beio, 0 Bu 


20.3 

aiSeTi 

8 

2 Bc8, 4 Ben, 2 B 11 


18.2 

gsBfto 

11 

2 Lto, 8 Lii, B»i 


19.5 


12 

4 Bto, 8 BiT 


30.1 

aflJCrsa 

12 

2 Bio, 10 Li’i 


21.1 ' 

.jg6VH8 

13 

2 Bio, 8 2 


21 .5 

3„y8i. 

II 

5 B^T, 6 Be» 


20.9 


12 

2 Bto, 8 LiT, 2 Bii 


21 .02 

4ail!£o*^a 

12 

2 BtO, 4 Li^, 2 Be», 4 Be» 

19.0 

4HCdlll 

12 

9 Beo, 3 Bcio 


19.0 

B4Jte'no 

16 

4 Bi*!, 6 Bi8, 6 Bom 


21.7 

5l)B(!ifl68 

16 

6Bi^, 2 B 46 , 8 Bern 


20.1 

O 4 W 6 B 

10 

fiiBoO, 11 Bcio 


18.7 

TiWisa 

20 

2 B 47 , 8 Bt'H, 0 Beio, 4 Bn 

17.9 


20 

8 Bis, 8 Beio, 4 511 


17.4 

B2P62Q8 

24 

4 B»^ 14 Bis, 2 Beio 4 B^ 

18.9 
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The average value of 19 mev. as the cohesional energy per subgroup, 
consisting of 9 nucleons, in the mean, gives us -an approximate value of 2 
niev. as the cohesional energy per nucleon. For the weakly bound subgroup 
elements considered above, the mean binding energy is of the order of a little 
more than 6 Mev. per nucleon. The sum total of the binding energy per nucleon 
tor the subgi'oup elements and the cohesional energy per nucleon, gives us 8 Mev. 
as the total energy per nucleon, corroborating an already known fact. In tlic 
nuclear composition, there is, however, no particular distinction between the 
binding energy of the nucleons in a .subgroup and the eohesional energy between 
subgroups. The subgroup divisions are a little artificial, as already stated and 
this may bo done in more than one possible way The significance of binding 
energy between the nucleons in a subgroup and between the different subgroups 
is thus lost and we are left with the total binding energy per nucleon as 8 Mev. 

When, however, by some probable adjustment, a smaller subgroup becomes 
loss affected by neighbours and more strongly bound into a helium like structure, 
with about 7 Mev as the binding energy per nucleon, the subgrouj) will be left 
with less cohesional energy for neighbouring subgi-oups. Out of the total expected 
8 Mev cohesional energy for the four nucleons, 4 Mev or somewhat less has Ijecn 
used up for the extra binding energy of the 4He nucleons. This arises from the 
difference of 7 Mev as the binding energy for the helium-like nucleons and 6 Mev 
or a little more for the weakly bound subgroup elements nucleons We are thus 
loft with energies of the order of 4 Mev or somewhat more as the cohesional energy 
to bind the 4 nucleons with other nucleons. The amount is much too small to 
keep the aHe^ group vdthin the larger nucleus. The particle together with 
the extra cohesional energy, of the order of 4 mev oi’ somewhat more is thus expected 
to be liberated, by such probable adjustment. The a-disintegration energy is 
generally of this order. In the case .of the /y-disintegration involving a change 
in charge number by one unit, a readjiistmoiit of the subgroup number from even 
to odd values, with other associated changes, would be expected. 

Lastly, Ave may state that the dynamic liquid drop model for the Bethe- 
Woiszacker relation from Avhich we have started and a constant disposition of the 
(;rystallinc structure considered finally are not necessarily contradictory. We 
presume that on account of the neutron proton exchange, there will be a rapid 
ttuctuation of charge distribution inside the nucleus. On account of the balanced 
distribution of neutron and protons in the overall picture, however, there will be 
a superposed streaming motion of the charge and hence apparently of the nu- 
cleons, throughout the nucleus. This will give rise to a fluidity as well as a pre- 
sentation of constant relative character between the neighbouring subgroups of 
the crystal structure to ensure cohesion. 
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LUMINESCENCE SPECTRA OF 2,4-DECHLORO- AND 
3,4-DICHOROTOLUENE IN THE SOLID 
STATE AT -180°C* 
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Plate V 

ABSTKACT. The lummoscenctii) Bpecim of 2,4- ujid 3,4‘dichlorotolueno iii. tho solid 
state at-180“C have boon uivostigated using mainly the gioup of Hg lin^s at 3660 A m the exalt- 
ing radiation. An analysis of tihe bands due to the ciystals of the substoncos has been mode. 
It has been obaorvod that tho two vibration ffequonnea 147B and 1590 oiii-i and three frcquou- 
oios 1376, 1483 and 1594 oiiri ai’e coupled with the electronic* transitions giving rise to tho 
Imninescence spectra of 2,4- and 3,4-dichlorotoluone respectively. Further, it has boon con- 
olndod from a couiparison of the absorption spectra due to ainglot-^triplot transition of those 
subatances that the luminoscenoe bands owe their origin to a proUminai’y procesH of absorption 
duo to a spin-forbidden transition from the singlet (,o tho triplet state of the moleculoa and that 
the degree of violation of tho sBloction rule forbidding tho transilmn between the states of 
difToiont multiplioity depends markedly on tho nature of tho substituent 

INTRODUCTION 

Lewis and Kasha (1944) first suggested that the phosphorescence ex- 
hibited by many pure substances are due to transitions from the lowest triplet 
state of the molecules to the lowest signlet state and studied such phosphoros- 
conce bands in a large number of organic compounds in rigid glass media. Sanyal 
(1953) observed similar luminescence bands m the visible region m ortho- and 
parachlorotoluene in the solid state at — 180°0, Later, Biswas (1954; 1965a 
and b) observed that many substituted benzene compounds irradiated with 3659A 
group of Hg at — 180°C give rise to similar luminescence in the visible region. 
Biswas (1956a) and Sirkar and Biswas (1956) also observed that the intensity 
of this luminescence increases rapidly with levering of temperature of the 
solidified mass and the relative intensities of the bands are altered consider- 
ably when the substance is dissolved in different solvents such as benzene, 
w-heptane, cyclohexane, methyl alcohol, etc. Using suitable light filters, Biswas 
(1956b) also observed that the group of Hg lines at 3650A and other lines of 
shorter wavelengths upto 3000A are responsible for the production of this lumi- 
nescenoe. He also observed (Biswas, 1968) that part of ithe luminescence is pro- 
♦Oommiuiioatod by JProf. S. C. Sirkar 
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duoed by delayed ^mis£}ion. Eeoently, while investigating tjbie Hainan spectra of 
2, 4-and 3, 4-dichloirotoluene in the solid state at — 180®b, Beb and Banerjee 
(1960) observed that each of these two disubstituted toluenes gives rise to a number 
of luminescence bands at low temperature. The experimental arrangement in 
those cases were not, however, suitable for determining the wavelengths of the 
radiation responsible for the excitation of the luminesoenoe spectra at low tem- 
perature, as the mercury lines in the near ultraviolet region were largely absorbed 
by the glass condensers tised in these experiments and also some of the mercury 
lines were overexposed. The luminesoenoe bands reported by these authors 
were therefore, probably incomplete. It was thought worth while to find out the 
complete spectrum and to analyse it if possible, because such data might throw 
some light on the origin of these Inminescenpe spectra. The investigation pf the 
luminescence spectra of these two Idisubstituted toluenes in the solid state at 
^180®C was, therefore, undertaken and the results obtained in these investi- 
gations have been discussed in the present paper. 

EXPERIMENTAL 

The compounds 2, 4-dichlorotoluene and 3, 4-diohlorotoluene used in th<\ 
present investigation were supplied by Fisher Scientific Company, U.S.A. and 
they were of chemically pure quality. The liquids were again repeatedly 
fractionated at reduced pressure before use. 

The experimental arrangement and procedure adopted in the present investi- 
gation were the same as those used previously by Biswas (1956a). The substance 
under investigation was sealed under reduced pressure in a Pyrex ^lass tube ^ 
provided with a long narroiv stem and the tube containing the specimen was put 
inside a Bewar vessel made of fused silica and the specizneh was always kept com- 
pletely immersed in the liquid oxygen contained in the Bewar, Biquid oxygen 
was replenished from time to time to keep it at a proper level in the vessel. Light 
from a, mercury arc filtered through a IS^ood’s filter and having lines in the region 
3000-3700 A was used as the exciting radiation. The luminescent radiation com- 
ing out at right angles to the exciting radiation v as then focussed on the slit of 
the spectrograph with another lens and its spectrum was photographed. 

A Fuess glass spectrograph having a dispersion of about 11 A/mm in the 
4046A region was used for recording the luminescence spectra in the visible region. 
The slit width of the spectrograph was kept at 0.7 mm and the time of exposure 
was 6 to 8 hours. Spectrograms were taken on Ilford Zeni^ plates. , On each 
spectrogram an iron atu spectrum was supei^osed as comparison. 

RESULTS ANB B J S 0 US S 1 0 j 

The wave numbers with the estimated relative intensities of the luminescence 
bands due to pure 2, 4- andj3, 4-dichlorotoluene excited by the 3660A group of 
mercury lines in the solid state at -ISO^C are reproduced in Plate 1, Figs. 1 and 2 
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Luminescence Spectra 
Fig. 1 2,4— clichlorotoluene at —ISOT 

Fig. 2. 3,4— dichlorololuene at — IBO'C 



Lumineicmce. Spectra of 2.i-Dichloro., etc. eo9 

««gl>mente of the bands are given in Tables I and II respee- 

> *Hst2...1iehlor„. 

bands in the region 4Q90A 4401A 47>!7i^° Inminesoence 

examination reveals ^ respectively, but closer 

touching eachother. Bv eril 
. the help of the irol are "hof L 

out analysis in terms of ground ftate°vibratbnal earrying 

to !^iis? o7th^e Ws a?24?62 S H*"**** 

of frequency ],6M cm-. The frequency 382 cm- was ^6 

that*lh* rf ® > of frequency 606 cm- in benaene. Tt^s observed 

that the modes coupled with the eleetronio transition giving rise to the lumi 

nescence spectra ^bited by 2, d-dichlorotoluene involve asymmetric sketching 

and contraction ofthe 0 = 0 bond of the benzehering. * 

TABLE I 

Luminescence bands , of 2, 4-diohlorotoluehe 


Asaigmnont 


24672 (w) 
24306 (w) 

. 24194 (V) 
22982 (vs) 
22710 (V8| 
22604 (vfl) 
21992 («) 
21^8 (b). 

21014 <i9) 
19424 (vw) 
19164 <vw) 


>'2 — 1 690 or fa — 1478 
litf-1690 

, i^x-axldSfO) . 

1690 +1476) or i'g~2 X 147B 
|'8-2 X 1690 
I'a-S X 1600 

Vfl -(2 X 1600 + 1478 + ,382) 
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TABLE II 

Luminescence bands of 3, 4-dichlorotoluene 


p in cni"^ 

Aesignment 


24206 (m) 



24066 (in) 

fa 


228.10 (VR) 

1^1-1176 


22612 (vh) 

Pi-m4 


22470 (h) 

v2-\nm 


21462 (8) 

j'i-2 X 1376 


21216 (8) 

k,-2 X 1481 


21020 (m) 

Pi~2 X 1691 


20874 (in) 

P‘2 — 2x 1690 


10718 (m) 

P2-(2 X 1481 H 

1.382) 

19243 (in) 

P2- (1 X 1483 -] 

974) 


(b) 3, 4-Dichlorotoluene 

It can bo seen fi’oiii the spectrograms reproduced in Fig. 2 that 2, 4-dichloro. 
toluene in the solid state at — 180®C also produce four groups of broad lumines- 
cence bands in the region 4130A. 4r378A, 406OA and 5070A respectively and these 
groups of bands are found to consist of more than one band lying adjacent to each 
other. In Table 11 the results obtained by analysing the bands can ied out with 
the help of the iron arc spectrum photographed on tlio spectrogram have been 
given. The examination of the structure of the broad bands shows that the first 
group on the shorter wavelength side consists of two band at 24206 and 24066 
ein"^ respectively, the second group consists of three bands, third group of four 
bands and the fourth group consists of two bands, The analysis shows that the 
vibrational frequencies 374, 1376, 1483 and 1594 cni"^ are involved in the 
emission of the luminescence spectrum. These frequencies also correspond to 
some of the Kaman frequencies of the molecule (Deb and Banereee, 1960). The 
frequency 1483 cm"^ corresponds to mode of frequency 1485 cm~ ^ benzene and 
1594 cm~^ con^espond to e^g mode of frequency 1696 cm“^ innbenzone 

It is thus observed that the frequencies 378, 1,480 and 1692 cm"^ are coupled 
with the electronic transition giving rise to the luminescence spectra of botli 2, 
4-dichlorotoluene and 3, 4-dichlorotoluene. The singlet-^ triplet absorption 
spectra due to these two dichlorotoluenes in the liquid state were also studied 
earlier (Roy, 1961). It might be pointed out that in the case of 2, 4-dichloro 
toluene the position of the 0, 0 band, in the continuous absorption spectrum may 
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be taken to be at 29750 in the liquid state. In the solid state this position 
is expected to be shifted towards longer wavelengths. If the shift w^ore of the 
order of 400 oio-^ the frequency of the 0, 0 band could be taken as 29350 cin-h 
The difference between the frequency ol this band and the fr©c|uoiUiy of the 
luminescence band at 24572 eni'i is of the order of 4S00 cin-i and this difference 
may be due to the vibration transition of vrequency 3 X 1590 cm-i. Similarly, 
the 0, 0 band in the absorption spectra of 3, 4-dichlorotolucne in the solid state 
would be iound to be at aliont 28350 cin“^ and the first luminescence band in the 
shorter wavelength side m the solid state is at 24206 cm~i and this differencie 
of about 4190 cm“i may be due to the vibration transition of freejuoncy 
3Xl376cm’i. 

A comjiarison of the intensity and the position of the luminescence bands 
due to the two dichlorotoluenes in the solid state at -180”C given in Tables 1 and 
II shows that the positions of the bands of the 3, 4 isomer are displaced towards 
longer wavelengths with respect to those of the 2, 4-isomor and the bands 
of the former compound jire slightly stronger than those of the latter. Also, 
the bands of the two isomers arc displaced as a whole to the longer wavelength 
region with respect to those of parachlorotoluene. Since it has been suggested 
eailicr that the luminescence bands in the case ot p-chlorotoluene are produced 
thrtiugh absorption of energy by transition from the singlet to the triplet state 
and the consequent re-emission of the absorbed energy the results obtained in 
the cases of the tv'^o dichlorotoluenes show that substitution of another chlorine 
atom in the benzene ring produces further perturbation of the 7r-olectron energy 
levels and thereby decreases the energy differences of the two states, this decrease 
depending to some extent on the relative positions of the tv^ o chlorine atoms in 
the ring of the aromatic molecule. The fact that the bands of 3, 4-dichlorotoluene 
are slightly stronger than these duo to 2, 4-dichlorotoluBne indicates that in the 
solid state the strength of absorption is greater in the former compound than 
in the latter. 

Thus all the results discussed above point to the fact that the luminescence 
bands observed in the haogon substituted toluenes o^ve their origin to a preliminary 
process of absorption due to a spin-forbidden transition from singlet to triplet 
state of the molecules, the latter state being rather broad and that the degree 
of violation of the selection rule forbidding the transition between states of dit- 
ferent multiplicity depend markedly on the nature of the substituent. It is well 
known that the substitution of chlorine atoms in the aromatic molecule brings 
about some migration of the electron froiir the substituent into the ring. This 
distortion of the orbitals is evidently responsible for the singlet— ►triplet absor- 
tion, but the association of the vibrational modes and with this electronic 
transition shows that the perturbation depends largely on the relative interatomic 
distances in the adjacent segments of the benzene ring. 
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ABSTRACT. The free -induction decay in polyciyeialluic MgFa Ims been iworded 
tind Jt agi-oes satisfactorily with the real part ol ooiiiplox; fourior transfonu of the steady 
absorption line from tho same sample The use of the free induction decays m the 
experiinontal analysis of nuclear magnetic i^sonanco lino shapes in solids has boon discussed. 

INTRODUCTION 

The pulse technique (Hahn, 1960) in nuclear magnetic resonance (nmr) 
method has been subsequently found to supplement and extend the steady tech- 
nique in the study of various aspe(;ts of liquid state properties (Hahn-Maxwell, 
1952; CaiT and Purcell, 1064; Crawford and Foster, 1966; Douglass and McCall, 
1958, Ghosh and 8inha, 1960; Woessner, 1961). In solids, on the other hand, 
no such extensions have so far been made. The investigation ol the free-induction 
decay nioclianisru in solids (Herzog and Hahn, 1956; Lowe and Norberg 1957) 
and the experimental work on CaFg single crystals (Lowe and Norberg, 1957) 
has, however, established that the frec-induciion decay shapes in solids is identical 
with the real part of the complex fourier transform of the steady stale unsatui ated 
line shape observed for the same sample. This .suggests that one can analyse the 
properties of the fourier transform of the steady line shape to sec if the Iree- 
inducjtion decay shapes can be used to extend or refine tlie steady line shape 
studies in solids. 

In section II, tho apparatus for recording the froe-indnotion decays has been 
ilescribed together with the recorded F* free-induction decay uliapc in poly- 
crystalline MgPj. In section 111, the use of free induction decay shapes in the 
oxperimental analysis of nmr line shapes in solids has been discussed. 

Fio pbee-INDUCTION DECAY IN Mg3?j POWDER 

The apparatus used is a conventional spin-echo apparatus, and the block 
(Uagi'am is shown in Kg. I . Tho pulsed oscillator and the detector part together 
with the electromagnet have been described previously (Banerjee, os 
8aha, 1957). In the present set-up, tho Bloch-head and the rj preamplifier have 

3 - 
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been redesigned, and a gated integrator has been used to record the fi^e- 
inductions signal. 

In the Blo(;h-head, the transmitter and the receiver coils are wound over 
hollow cylindrical formats of ergon (a refractory material, containing no hydrogen 
atoms) on which grooves can be out. This was done to eliminate the back-ground 
proton signal coming from perspex formats and the adhesive resins that were 
previously used to place the transmitter and the receiver coils in position. The 
transmitter coil is split up into two equal sections connected in series, and were 
placed on the two sides of the receiver coil. Some amount of isolation of the 
receiver coil from the transmitter coils is desirable in pulse technique also in 
order to prevent overdriving of the detecting system during the pulse period. 
jPor F-mode control, there is a copper paddle and provision for adjusting the, 
position of one section of the transmitter coil; and for U-mode control, the capa-ji 
citors used to resonate the transmitter coils were used to reduce the centre -voltage^ 
at the transmitter coil. 1 



The nmr signal before being fed to the detecting circuit was fed to an rf pre- 
amplifier to improve the signal- to-noise ratio. The circuit diagram for the rf 
preamplifier is shown in Fig. 2. The 3db band width of-4he preamplifier is 
'^lO Me /see., centered at 14 Mc/sec, and the minimum centre-band gain is ^10. 

The circuit diagram for the gated integi'ator (Holcomb and Norbetg, 1955) 
is shown in Fig. 3. Essentially it is a switch arrangement, and the detected 
nmr signal is fed to it. The switching is done by means of the “gate-pulses” and 
the out-put voltage charges some capacitors aiTanged in such a way that the 
R.C. element retains that voltage until the signal repeats again. After a few 
repetitions the integrated voltage, which is subsequently amplified in a difference 
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amplifier, gives a measure af the signal aihplitude which is time-averaged over 
the duration of the gate-pulse. By shifting the position of the gate-pulse with 
respect to the exciting r/ pulse, one can get the signal voltage as a function of 
time. To measure the time of application of the gate pulse (with respect to the 



JfcUg. 2. Circuit diagram of the rf pi’eampliiier. Li is the rocoiver coil, hz ~ HO. La =: 25, 
Li = 45, Lb~o ~ 15 ; Bi- 7 = 100, Rg, ij.J4 “ IK, R» = 1.5 K, B>io «= 4.7K ; 
Ci-a, 4, 7-14 = 0.01, C;v =: 0.02, C(,-fi = 0.001. The values of mductanoos, resis- 
tances and capacities are in microhenry, ohm and microfarad respectively. 



Vff, Vo *= eAJ.6, V7 ^ Ri = 1 K, Ra = 10 K, Ra = 50 K, R^ == 100 K, 

Bo 200 K, Be ^ 500 K, K7 IM. 

Reisistances and oapaetties ai-e in ohm and microfarad respectively. 


ejpeitiiig r/ pulse), is^mixed together with the n.in.r. signal and presented on a 
cathode ray oscilloscope with a calibrated trace, 
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This method is alternative to the photographic inetiiod and is somewhat 
equivalent to the narrow-band integration technique used in steady nmr studies. 
Integration at each points of the signal improves the signal to noise ratio consi- 
derably. 

Experimental record of the fluorine free induction n.m.r. signal from poly- 
crystalline MgPg (BDH analar grade) is shown in Fig. 4. The exciting rf pulse 
was approximately a 00®-pulse and the resonance frequency was UMc/sec. 
The oscilloscope trace was calibrated by time markers from a harmonic generator 
whose fundamental frequency was locked to IKo/sec output of a standard low 
frequency function generator (HP 202 A model). The real part of the complex 
fourier transform of the unsaturated steady state fluiine n.m.r. line shape from 
the same sample is also shown in figure 4 by the dotted curve. All numerical 
integrations were performed by Filon's inethcwl (Filon, 1928-29). The steady [ 
state line shape gave a second moment of 8.5 ± 0.5 gauss which agreed (Ghosh, ^ 
Lahiri and Sinha, 1961) with the computed second moment from th6 known crystal ^ 
structure of MgF.^. The agreement between the free-induction shape and the 
-fourier transform of the steady hne shape is satisfactory as seen in Fig. 4. Th? 
free induction signal prior to 35 /^-seconds could not be recorded because of 
receiver saturation, and attempts are being made to reduce this pa-ralysis 
time of the receiver. 



transform of tho corresponding steady absorption line is also shown (dotted 
curve). 
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FBEE INDTJOTION Siai^AL SHAPE AND ^J’HE 
STBtJCTTTRAI. STUDIES IN SOLIDS 

If the free induction shape is always the real part of the complex fourier 
transform of the unsaturated steady state n.rn.r. line shape it is clear that no 
extra information can be obtained from the free induction signals (Abragam, 
1961). We, however, note that the correspondence is true only for unsaturated 
steady state absorption line shape. Thus the inverse fourier transform of the 
free induction signal will yield an absorption line shape free from saturation 
broadening and other instrumental broadenings like niodutation broadenings 
etc. (Perlman and Bloom, 1962, Andrew, 1953; fepry, 1967; McCall, 1957). 

We discuss below the use of free induction signals for structural studies in 
solids. ^ 

(a) Single line absorption spectrum, broadened by neighbours : 

If the absorption peak occurs at frequency Wi the steady state line shape 
function can be written as 

gf(w) — Afl J — coj) B(q— 6>J)d<o' — ^„B{(o-*.o3i) ... (1) 

—at 

Therefore, the complex fourier transform F{t) conffes out as 

= fooxp (-^) exp ... (2) 

where we have taken 

w') — u exp f— 6(w— co')^} ... (3) 

and Fq stands for aA^^/7T|b. 

The free induction signal will then be given by 

-S(<) = J’„exp ... (4) 

and from any two points on the free induction signal shape, the second moment 
of the steady state absorption signal can be obtained. Much of the labour of 
crystal structure study by McCall and Hammings (McCall and Hamming, 1969) 
method can thus be eliminated. 

(b) Two line absorption spectrum, broadened by neighbours : 

If the absorption lines are at ico, and they are broadened by a function like 
(3), the free induction signal will be given by 


S(t) fia? Fq exp ^ j cos tat 

... (5) 

The first zero will occur at 


f = JL 

2(1) 

... (6) 
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from which the value of o, and hence the second-monlfent of the close group of 
nuclei giving rise to the two-line absorption spectrunl ^an bo obtained, It is 
always easier to locate the ^.eroes in free induction signals as compared to the 
location of peaks in steady absorption signals. The free induction method is, 
therefore, expected to be more convenient in studying two-member ^oups of 
nuclei by Pake’s (Pake, 1948) procedure. 

(c) Absorption spectrum in polycrystalline samples^ For polycrystalline 
samples we ‘ban write 

' “ / /(wo)-8(w-a)o)d£0o (7) 

—at 

where /(oq) is the normalized polycrystalline shape for a close group of reso- 
nating nuclei, relatively isolated from their neighbours and Wq) represents 

line broadening due to those neighbours. The corresponding free induction signal 
will bo I 

+• +• 

S{t) = J rfco . exp (io#) J /(coq) — W o)doio"’ 


= <«'•«> ... («) 

where 

+• 

5(0 =/J 5 (o)— Gig) exp{i(cii>— 6 )o) 0 d(o— Wfl). ... ( 9 ) 

and <w%> is the moment of /(<Op). Usually 5(t*)— wg) is takbn as an expo- 
nential function of (o— and therefore B{i) is also an exponential function of 
From the zeroes of 5(0 as given in (8) we can, therefore, calculate <Wo’^>'s 
exclusively. However, because of the exponential nature of B{t), one will observe 
experimentally only a few zeroes of 5(0, and in using (8) one must note that in 


the series 


t 

ne-o 


n\ 


<6)g”> positive and negative terms appear alternately. 


For example, in polycrystalline CaS 04 , 2 H 2 O the first and the second zeroes of 
5(0 when computed from Pake’s (Pake, 1948) steady state line Shape occurs at 
t= 15.2 and 40 fi-sec. respectively, as shown in Fig. 6. -Gomputing <o)o®> 
and < Vleck's (Van Vleck, 1948) formula we can write 


Z- nf 


< 0),"> = 0 = 1-0.95+1.024x10’-... ,«= 16.2x10-" sec, 


= 0 = l-«.69+49.104xlO»-..., t = 40x10-" sec. 



Amplitude of Fourier transform 
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and the above series show that in general it would be difficult to decide as to how 
many sseroes will be necessary for extracting reliable values of < coq® > and 
-^fi)o*> etc. 


Fig. 5. Fourier transform of the proton ttbaol'ption line (Pako, 1U48) from polyorystalline 
CaS04, 2 H 2 O. 



The above discussion shows that the free induction method will be more con- 
venient for the study of one line and two line n.in.r. absorption spectra. These 
will correspond to solids with isolated nuclei, and single crystals with close group 
of two interacting nuclei respectively. On the other hand, the free induction 
method appears to offer no simplification in the experimental study of polycrystal 
lino samples or single crystals having more than two closely interacting nuclei, 
excojit helping to avoid instrumental broadenings etc. as indicated at the beginning 
of this section. 
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Univbbsity or Caioutta 
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ABSTRACT. Tlie inochaiiiswi grouping uliari is a paworful aid in inmiinisation uh 
it rondor/s poseiblo vory quick determination of tho prim© imphoants and tho ©Hsontial jinino 
iinplicanta of any switching function. In this paper a method is first deswibod by which u 
moohonised chart for a certain numbor of variables can bo adapted for handling probloins 
involving a larger numbei of variables. Tlio method is then extended for simplifications of 
multiple output switching functions. 


INTRODUCTION 

111 all tho available methods of finding out the minimal two stage form of 
switching functions, two important steps to he carried out are determination 
of the prime iinplicants and identification of the essential prime implicants, if 
any. lii an earlier paper, tho grouping chart (Ohoudhury and Basu, 1962) was 
shown to be a valuable aid in performing the above mentioned tasks. It was 
also shown that the labour involved in having vertical and horizontal lines drawn 
on the chart every time a new function is handled, can be eliminated by having 
the chart mechaniBod An apparent limitation to the utility of this device is 
set by the number of variables for which the chart is mechanised. A method 
will be described here by which a mechanised grouping chart designed for a 
certain number of variables can be adapted for minimising switching functions 
involving a larger- number of variables. K the number of variables in a given 
function be (r4-?^), it can bo decomposed into 2" diffei-ent functions involving 
a-variablos. The prime implicants of each of these functions can be found out 
by the available '/i-variable mechanised grouping chart and the essential prime 
implicants may be identified. Then by a procedure suggested in this paper 

the prime implicants of the original' function in (T^+r)- variables are determined 

and the essential prime implicants identified. This method of adaptation of the 
grouping chart is then extended for simplification of miUtiple output switching 

functions, 
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OJBNERAL OUTLINE OF THE METHOD 

/(^wj switching function of n binary variables, 

it can be split up into a number of functions of smaller number of variables by 
partitioning the variables into two groups. Thus, if a partition is made so as to 
include p variables viz., iVn-i, ^n- 3 > ^n-p+x group and other g vari- 

ables in the other group, p-fg being equal to n, then the original function of 
a- variables can be expressed as sum of 2^ different functions each involving 
g (i.c. d~p) variables. For example, if we make p — 2, then we can Avrite 

^rt-XJ ^n-2> ■^l) = ^l) 

+^r, »n-x/zK-2. ^'n-a. =«i)-h^'n ^ft-x/aK-z. * 1 ) 

+*» ^n-ihiXn~3^ ^n-a> ■ • • » ®i) ' • - • (f ) 

The component functions /j, /a etc. are easily derived from the original n-variablOj 
function by well-known procedure. 

If the terms of the given function are written in the decimal mode, thenu 
the said operation is simxily equivalent to writing the terms as numbers modulo 2^. ' 
In other words, we divide each decimal number representing the terniB by 2*^, 
The quotients may be 0, 1, 2, 3 ... 2*^ -1. The remainders form corresponding 
groups which are simply the component functions each of q (i.e., n-p) variables 
(Singer, 1957). If we combine the terms of group 0 Avith those of group 1, aat get 
a (g-j- 1 ) variable function. This is simply the remainder corrospondiug to quotient 
0 if wc express the terms ot the original w-variable function as numbers modulo 
2^-^^. From Eqn. (1 ) it is clear that if any term occurs in the component fuuc.tion 
/j and the same term occurs in A’ tlien when we take the sum o;^ 1 

/a, those two terms will differ by one change of variable and will form a 1 -coll 
making elimination of one variable possible. In general, it may be stated that 
if terms a^, a^, a.^, a^k form a fc-cell in any one of the component furictions and 
the same terms are found to occur in some other component function and if the 
corresponding quotients are found to form a 1-ceil, then those terms will 
form a cell of next higher dimension viz., A-f 1, Avhen the said component functions 
are combined. A scrutiny of the grouping chart will reveal that this very same 
principle is utilised there for seeking out the grouping of terms and consequoni 
cell formation in any switching function. From Avhat has been said above,, it 
folloAvs that if a term ‘a” is found to occur in two different component func- 
tions whose corresponding quotients form a 1-cell, and if the weight of the term 
“a” be coj^ in one function and cog in the other, then in the combined function 
the two terms will have their weights enhanced by I and it Avill be (coi-| l) and 
( cogH- 1 ) respectively. 

SUGGESTED PROCEDURE FOR FINDING OUT 
THE prime IMPLICANTS 

Utilising the above mentioned ideas, one can proceed according to the follow- 
iiig .steps for finding out the prime implicants and identifying the essential prime 
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impHcants of an variable fnnotjon with the help of an available w-variabk 

mechanised grouping chart ■ 

(1) T-he decimal numbers corresponding bo the terms of the given function 
are divided by so as to get numbers modulo 2«, Thus the original function 
is split up into 2*" different functions each of u-variablea, corresponding to 
quotients 0, 1, 2, 3 ... 2*'—] , 

(2) With the help of the grouping chart the weights of the diffwent terms 
and the prime implicants of each of the above 2’’ functions are found out. 

(3) The functions corresponding to quotients 0 and 1 arc now^ combined 
to form a function of (?i-l-l) variables. If any term occurs in both the functions, 
then weight of each of such terms should be increased by 1 . If terms p, q,r,s, ... 
form a fc-cell in one function and the same terms form n similar jt-cell in the other, 
then those two Aj-cells are combined and the resulting 2*-^ terms form a 

cell. In this way ail the different groupings and hence prune implicants of the 
(m+I) variable function arc found out. 

(4) The procedure moiitionod in step (3) is repeated for functions coircs- 
ponding to quotients 2 and 3, 4 and 5, etc .and a set of (n-(-]) variable functions 
is found out. 

(5) The first two of this sot are again combined, new Aveights ai-e assigned 
to terms and new prime implicaiifs arc found out, Thi^ same thing is done 
for other pairs as before. 

(6) In this way ultimately we got the terms of the original (r-j-??,) variable 
function. As all the prime implicants are known and the weight of each term 
is also kncAVii, the essential prime implicants can be identified. Most economic 
coverage of the terms not covered by the essential prime implicants now remains 
to be found out, which can bo done by any of the available methods. (McCluskey, 
1966; Mukhopadliyay 1962: Quine, 1952; Urbano and Mueller, 1956) The method 
may be illustrated by the following example , — 


The prime implicants and the essential prime implicants, if any, of the 
following 7 -variable switching function are to be found out with the help ol a 
5- variable grouping chart : 

T = %{0, 2, 6, 8, 10, 12, 13, 16, 18, 21, 24, 26, 28, 29, 

30, 32, 34, 37, 39, 40. 42, 45, 46, 48, 50, 53, 65, 

66, 58, 61, 64, 65, 67,72, 73, 77, 78, 70, 80, 81, 

83, 88, 89, 91, 96, 100, 102, 106, 107, 111, 114, 116, 

120, 122, 126, 127) 
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Dividing each term by 32, we get the following 4 functions corresponding to 
quotients 0, 1,2, and 3 respectively ; 

A ^ S(0, 2, 5, 8, 10, 12, 13, 16, IS, 21, 24, 26, 28, 29, 30) 

B ^ S(0, 2, B, 7, 8, 10, 13, 14, 16, 18, 21, 23, 24, 26, 29) 

0 = S(0, 1, 3, 8, 9, 13, 14, 16, 16, 17, 19. 24, 26, 27, 31) 

i) = S(4, 6, 10, ]], 16, 18, 20, 24,^26, 30, 31). 

With the help of the grouping chart the weights of each term and the, prime iinph- 
cants of each function are found out Then A and B are combined to form a six 
variable function P. Tt is found that a 3-ceU is formed in A by the terms (0, 

2, 8, 10, 16, 18, 24, 26) and the same 3-cell .is present in B. So in P the terms 
(0, 2, 8, 10, 16, 18, 24, 26, 32, 34, 40, 42, 48, 50, 66, 58) form a 4-coU. Simi- 
larly the other prime implicants are found out. Table /(a) and (b) gjve the torms|l 
of the functions A and B respectively with weights of the different terms and \ 
respective prime implicants of the functions. In Table T(c) arc shown the \ 
terms of the function P along with their now weights and the prime implicants 
found out by combining those of A and B. 


TABLE 1(a) 


A ^ n:(0, 2, 6, 8, 10, 12, 13, 16, 18, 21, 24, 26, 28, 29, 30) 


Terms 

Weights 

Prime implicants 

0 

3 


2 

3 


8 

4 

1. (0, 2, 8, 10,10,18,24, 26) 

16 

:i 


C 

2 

2. (24, 26, 28, 30) 

]() 

;i 


12 

3 

3. (12,13,28,29) 

18 

3 


24 

4 

4. (6,13,21,29) _ 

Vi 

3 


21 

2 

6. (8, 12, 24, 28) 

26 

4 

• 

28 

4 


29 

8 


30 

2 
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TABLE 1(b) 

B 2, 5, 7, 8, 10, 13,, 14, 16, 18, 21, 23, 24, 26, 29) 

Tonns 

, Weight 

Prime iiiijjlicantB 

0 

3 


2 

3 


S 

3 

1. (0,2,8,10,16,18,24,26) 

1C 

3 


6 

3 

2. (5. 13, 21, 29) 

10 

4 


18 

3 

3. (5, 7, 21, 23) 

24 

3. 


7 

2 

4, (10, 14) 

13 

2 


J4 

] 


21 

3 


20 

3 


23 

2 



29 2 





TABLE T(c) 


P - m 

, 5, 8, 10, 

12, 13, 16, 

18, 21, 24, 26, 28, 29, 30, 32, 


34, 37, 

39, 40, 42, 46, 46, 

48, 50, 53, 55, 66, 58, 61) 

Tonus 

Ongiual 

woight 

Weight to 
bo added 

Total 

weight. 


Prime impli cunts 

0 

3 

] 

4 



2 

. 3 

1 

4 



5 

2 

1 

3 



8 

4 

1 

5 

1 . 

(Cf; 2, 8, 10, 16, 18, 24, 20, 32, 34, 40, 42 






48, GO, 66, 58) 

10 

3 

1 

4 



12 

3 

0 

3 

2. 

(24, 26, 28, 30) 

13 

3 

1 

4 

3. 

(12, 13, 28, 29) 

16 

3 

1 

4 



18 

3 

1 

4 

4. 

(8, 12. 24, 28) 

21 

2 

1 

3 

6 . 

(6, 13, 21, 29, 37, 46, 63, 61) 

24 

4 

1 

G 



26 

4 

1 

6 

6. 

(37, 39, 63, 66) 

28 




7. 

(42, 46) 
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TABLE l{i:)-^contd. 


Torms Original Weight to Total Prime implioanta 

•weight bo added weight 


29 

3 

1 

4 

30 

2 

0 

2 

32(0) 

3 

] 

4 

.14(2) 

3 

1 

4 

37(6) 

3 

1 

4 

39(7) 

2 

0 

2 

40(8) 

3 

1 

4 

42(10) 

4 

1 

5 

45(13) 

2 

1 

3 

40(14) 


0 

1 

48(16) 

3 

1 

4 

60(18) 

3 

1 

4 

53(21) 

3 

1 

4 

65(23) 

2 

0 

2 

66(24) 

3 

1 

4 

68(26) 

3 

1 

4 

6i(29) 

- 2 

1 

3 


In a similar manner functions 0 and D are combined to get function Q. Finally 
P and Q are combined to regain the original 7 variable function. In 
Table II are shovm the teiuns of this function along with their weights and the 
prime implicants as found out by the iirojiess of combination mentioned. From 
inspection of the weights, ten of the prime implicants are identified to be 
essential ones whitsh are marked by asterisk. , • 


TABLE IT 

Combined seven-variable function 


Tgi’his 

Original 

■weight 

Weight to 
he added 

Total 

■weight 


Prime jinpli rants 

0 

4 

1 

6 

1. 

(0, 2, 8, 10 10, J8, 24, 20, 32, 34, 40, 42, 

48, 60, 56, 68)* 

2 

4 

0 

4^ 

2. 

(6, 13, 21. 29, 37, 46, 63, 61)* 

5 

3 

0 

3 

3. 

(64, 66, 72, 73, 80, 81, 88, 89) 

8 

5 

1 

G 

4. 

(0, 8, 16, 24, 64, 72, 80, 88) 

10 

4 

0 

4 

6. 

(79, 95, 111, 127) 

12 

3 

0 

3 

6. 

(81, 83, 69, 91) 

13 

4 

1 

6 

7. 

(66, 68, 120, 122) 

16 

4 

1 

5 

8. 

(60, 68, 114, 122)* 

18 

4 

0 

4 

9. 

(42, 58, 106, 122) 

21 

3 

0 

3 

10. 

(37, 39, 63, 56)* 

, 24 

6 

1 

6 

11, 

(66, 67, 81, 83)* 

(24, 56, 88, 120) 

26 

5 

0 

5 

12. 

28 

4 

0 

4 

13. 

(24, 26, 38, 30)* 

29 

4 

0 

4 

14. 

(12, 13, 28, 29) 

30 

2 

0 

2 

16. 

(8, 12, 24, 28) 

32 

4 

0 

4 

16. 

(126, 127) 
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TABLE n^ontd. 


Terms 

Original 

waight 

Weight to 
bo added 

Total 

weight 


Prime implibajrite 

U 

4 

0 

4 

17 

(122, 120) 

37 

39 

4 

2 

0 

0 

4 

2 

18 

(107, 111) 

40 

4 

0 

4 



42 

5 

1 

0 

0 

19. 

(91 , 95) 

45 

3 

1 

3 

20. 

(106, 107) 

46 

0 

1 

21. 

(78, 79)+ 

48 

4 

0 

4 

22. 

(77, 79) 

60 

4 

1 

5 

23. 

(JOO, 110) + 

53 

4 

0 

4 

24. 

(JOO, 102)* 

56 

2 

0 

2 

25. 

(73,77) 

66 

4 

1 

5 

26. 

(42, 46)* 

58 

01 

4 

3 

1 

0 

5 

3 

27. 

(13, 77) 

64(0) 

3 

1 

4 



66(1) 

4 

1) 

4 



07(3) ■ 

2 

0 

2 



72(8) 

.‘1 

1 

4 



73(9) 

4 

0 

4 



77(13) 

2 

I 

3 



78(14) 

1 

0 

j 



79(15) 

4 

0 

4 



80(10) 

3 

1 

4 



81(17) 

4 

0 

4 



83(19) 

3 

0 

3 



88(24) 

4 

1 

5 



89(25) 

1 

0 

4 



91(27) 

3 

0 

3 



96(31) 

3 

1 ) 

3 



100(30) 

2 

0 

2 



102(38) 

1 

0 

1 



100(42) 

2 

1 

3 



107(43) 

2 

0 

2 



111(47) 

3 

0 

3 



114(50) 

1 

1 

2 



110(52) 

1 

0 

> 



120(56) 

2 

1 

.3 



122(68) 

4 

1 

5 



126(62) 

2 

0 

2 



127(03) 

3 

0 

3 




SIMT 

L 1 F I C A 

T ION 

OF 

MULTIPLE OUTPUT 


SWITCHING FUN CT JONS 


Ofton it may bo required to realise a iiamber of swiU-liing functions all of which 
are funotjons of the same set of variables. Instead of generating the functions 
indepenrlently, it becomes advantageous to use a multiple output circuit. If 
the nmnber of variables be and tlie number of switching functions to be realised 
be t, then a-input and /-output terminals uill be used in the circuit if we want to 
realise the functions in two stages. If any particular term occurs in all the t 
different functions, this means that for a particular combination of the input 
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variables, output will be present for each of the ^-functions. So this condition 
can be generated once and is shared by all the output terminals. The problem 
of simplification of multiple output switching functions to get the minimal two 
stage form which will require the least number of diodes can be effectively handled 
by extending the appheation of the principles mentioned in connection ivith iJic 
adaptation of the grouping chart. Let/u/jjj/g, ... be different single output func- 
tions each involving the same set of Ji- variables viz., Xn„i, a;„_ 2 j These 

different functions can be combined into one multiple output function F which is 
given by 


where a, c, ... is a set of t auxiliary binary variables. 

i 

So the multiple output function which combines the t different single outjiuti 
functions involves (n ^O variables when n is the number of input variables of tliG\ 
component functions and t is the number of auxiliary variables introducetl. Our \ 
problem is to find out the minimal form of the multiple output function wlien the \ 
component single output functions are specified, economy in the number of com- 
ponents being the criterion of minimality. 

The different transmission functions etc. may be expressed in the deci- 
mal mode. For example, we can say, = 51(0, 1, 6, 10, 12, 15) which means 
that the function is the Boolean sum of the terms within the brackets. We 
can call this as the transmission a, Smiilariy let transmission h be — S(0, 

I, 2, 3, 4, 5, 8, 9) and transmi.ssion C bo /g — S (0, 1, 2, 7, IJ, 13, 14). 
and /g have been chosen here to be 4- variable functions. The multiple output 
function which incorporates these three individual transmisRions may be WTitten 
as 

F = a5:(0, 1, 6, 10, 12, 15)+ftS(0, 1, 2, 3, 4, 5, 8, 9)+ ci^lO, 1, 2, 7, 11. 13, 14) 
where a, b, and c are binary in nature, i.e., can assume values 0 or 1 . 

If we want to find out the minimal form of any switching function from its 
topological concept, we first of all find out the W'eights of each term of the function 
The weight of any term gives the number of other terms in the function wdth 
which it can form a l-cell. This concept of w^eight is slightly modified when 
we consider the terms of a multiple output switching function. If we consider 
the different transmissions individually, ©very term will have a certain weight 
asssociatecl with it. Now if a particular term is found to oiicur in two different 
transmissions we can say that the terms form a 1-cell in the sense that they can 
be combined and jointly realised m the output. So “1” will be added to the 
weight of each of them, in general, if any term is found to occur in p different 
transmissions, weight of that term in each of the individual ti'ansmission 
functions should be increased by “p”. 
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Similar modificaiions will be made in the concept of fc-celle present in a 
multiple output function. If a ib-cell is found to be present in an individual trans- 
mission function which is a component of a multiple output function, wo know 
that fc-variables can be eliminated with corresponding economy in the number of 
diodes. But if the same fc-coll occurs in q different component functions, a further 
economy can bo effected by the sharing of the same output by those q flifferent 
transmissions. If wo consider an n-variable multiple output function in which 
the same 1c-oo\l is present in q different transmissions, it is easy to see that the 
not reduction in cost is etiuivalent to {n ~k){q -\) (\iodo». Thus when the 
question of minimisation of the multiple outimt function as a whole is consi- 
dered, wc can say that a cell of dimension is present. Tins dmiensiou 

i.s derived partly from the cell sinictuie present and partly from the number of 
transmissions in which that coll structure occurs and br)th of these considera- 
tions i\.ro important regarding economy. 

The idea of assigning new weights to terms and now (hincnsions to cell forma- 
tions is prompted by the consideration that while aiming at the most economic 
I'oalisatiou of a multiple output switching function we slioiild not only explore 
the possibility of elimination of variables by seeking out the cell formations bub 
also see how many times repetition can be avoided while realising the incUviduul 
transmissions in the output. 

Utilising the above mentioned ideas, .simplification of a multiple output switch- 
ing function can bo done according to Ihc following procedure : 

1 

Tlio weights of the diJtfcrent terms and the prime iiniilicants of each individual 
tfansmission functions arc found out. This can be done easily w^ith the helxi 
of a mechanised grouping chart. 

2 

All the difi'erent transmis.sion functions arc examined and the weights to be 
added to each term aie found out. The new weights are thus detcrmmecl. 

Step 8 

Prime iinplicaiits of the different functions are combined and total iirimc 
iinplicants of the multiple outxmt svdtching function are found out. 

Step 4 

The essential prime iniplicant.s arc identified and marked. If any term is 
found to be included in a prime iinplicant whose dimension is equal to the new 
weight of the tenii, then that prime iinplicant 'is an essential one witli respect to 
the term. By dimension of the prime iinplicant its nev'^ dimension (i.e., fc+ff— *1) 
is to be understood. The terms that are covered by essential prime iinplicants 
are cancelled. 

5 
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Step 5. 

We are now left with a. number of non-essential prime implicants and a 
number of terms to be covered by them. Most economic way or ways of doing 
this are found out following a systematic procedure. 

The suggested method is illustrated by the following example. 

Example. 

Find out the most economic multiple output two stage realisation of the 
following three 4-variable output functions : 

A - S (0, 1, 2, 4, 7, 9, 14) 

/2 = S(0, 1, 2, 5, 6, 13, 14, 15) 

/a S (0, 1, 2, 3, 4, 8, 12, 15) 

Let us call /jiA and/g as transmissions a, b and c respectively. 

The following table is made and entries in the different columns are do 
as suggested in the procedure. 


TABLE III 


Temia 

Weight 

Weight to 
bo added 

Total 

weight 

Prune 

implicants 

Combined Pniuo 

1 inplicants 

Essential Pnmo 
inixDli cants 

a 

0 


2 

5 

(0-1) 

abc 

(0-1) 


] 

2 

2 

4 

(0-2) 

abo 

(0-2) 


2 

J 

2 

3 

(0-4) 

ac 

(0-4) 

ab o' (0-2) 

4 

1 

1 

2 

(1-9) 

a 

(1-9) 

a 0 (0-4) 

7 

0 

0 

0 

(7) 

a 

(7) 

a (7)J 

9 

1 

0 

1 

(J4) 

ab 

(14) 

a (1-9) 

14 

0 

1 

1 




ab (14) 


h 


0 

2 

2 

4 

(0-lj 

b 

(1-5) 



1 

2 

2 

4 

(0-2) 

b 

(2-0) 



2 

2 

2 

4 

(1-6) 

b 

(6-13) 



5 

2 

0 

2 

(2-0) 

b 

(6-14) 



0 

2 

0 

2 

(6-13) 

b 

(13-16) 



13 

2 

0 

2 

(6-14) 

b 

(14-16) 



14 

2 

1 

3 

(13-16)* 

be 

(15) 



16 

2 

1 

3 

(14-15) 





c 

0 

4 

2 

0 

(0-1 -2-3) 

c 

(0-1-2-3) 



1 

2 

2 

4 

0 

(0-4-8-12) 



2 

2 

2 

4 

(0-4^8-12) 





3 

2 

0 

2 




c 

(0-1-2-3) 

4 

2 

] 

3 





8 

2 

0 

2 

(16) 



e 

(0-4-8-12) 

12 

2 

0 







15 

0 

1 

1 




be 

(15) 


In the last column it is found that a6c(0-2) is an essential prime implioant 
with respect to a{2). As c(0-2) is included in another essential prime implioant 
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« from aH^2) 

to avoid unnecessary repetition and keep „6(0-2) as an essential prime impli ant 
Such canoellations are to be done whenever possible. ^ ^ 

After cancelling the terms which are covered by the essential prime impli- 
cations wo are left with the folloiving terms, viz., 1,(1), 6(5). 6(6) and Jl.3) S 

are to be covered by the Mowing non-essential prime imicants : 

df)c(O-l), 6(1-6), 5(2-6), 6(.5-13), 5(6-14), 5(13-16) and 6(14-15). The most 
economic coverage or coverages can be easily iound out. 6(l-5)+6(13-16)+ 
5(6-14) IS one such minimal coverage. In Rg. l the circuit for realising the given 
functions /i,/g and/3 minimal two stage form is shown. 


ab(p-2^ ■ 



Fig. 1 — ^Cirouil for malising funotionis, /i, and ip. minimal two-stage form,- 


CONCLUSION 


A method has been described for extending the utility of a mechanised grouping 
chart. This is a distinct advantage because it avoids the necessity of mechanising 
a chart for large number of variables. Also the strain involved in considering 
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too many intersection point son a chart is avoided. The suggested procedure 
for simplification of multiple output switching functions presents no difficulty 
and the determination of the prime implicants and the identification of the essen- 
tial ones for a given multiple output function can bo done in a very straightforwai'd 
manner. 
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ON THE ABSORPTION OF 3.I8.CIVI MICROWAVES 
IN ANILINE AND SUBSTITUTED ANILINES* 

T. J. BHATTACHAEYYA 

OrTR'S DEPAJtTMKKT, 

Indian AsatjniATioN for the Cui.TiVATioN of iScievce, Calc'\)tta-32 

(R^Hval July 11 , 1 062 ) 

ABiSTliACT. Tlio absorptioa of 3.18-t'iu nucrowa-vos in amliuo, o- and in-chlorotini- 
lino and o-, i/t- iiiul p-toluidino in thfi liquid Hlaki and also in tlioir solutions in diphenyl ctlini' 
at difforont toinpemi/iireH has boon sludicd. A itinxiimun m tlip toinporatuio absorption 
ourvo has boon obsiu’vod and tho time of rilaxalion has bwn dbtornnnod in earh easn. Tho 
data, for caloulatiug tlvo radius of tho rotoi' in eaeh oasr have been dotorunnod and I'lio radius 
of tho rotor has boon ealoulatod. 'I'ho radiua of tlio rotor in oiuih euso has boon found to bo 
1,1 A iipproximatoly and tho lotor has been indontifiod with tho NHa group, 

It has boon ooncludod that Iho ONHu group retains its pyiiuiiidfil striicturo as in tho 
('a,so of tho N ITji niolooulo ovnu when one of the tliroo 11 atoms is substituted by tho bojiKono 
ring. Those eojudusions aro eoiuparod with those dnimi fiom ipsults of investigation on tlio 
dotormmat ion of porninnont inomonis of tho inolerules. 

I b! T B 0 D U c T I 0 N 

It tvas cuncludecl from the result r of investigations on the absorption of 
microwaves in tho 3-ein region in some aromaiio alcohols by previous workers 
(Ghosh, 1954 ; Bhattacharya, I960) that tlie OH group is capable of orienting 
freely about the 0-0 bond in the absence of any olcctromegativc element in the 
ortho position in tho molcoulo, bnt such rotational motion is restricted w^hen 
there is a strong electro-negative atom like ehlonno in tho ortho-position with 
respect, to OH group (Ghosh, 19551)) because of formation of intramolecular weak 
linkages of the type OH... Cl. In the ease of solutions of o-chlorophenol in 
.suitable solvents these weak boncls break up and the Oil group can or jeiit freely 
about the C-0 bond, exhibiting thereby an absorption m the 3-cm region (Bhatta- 
charyya, 1958). 

The influence of different onvironment.s on the absmption of microv^ives 
in similar compounds having tin* NHg group as a substituent was not studied by 
any previous w)rker. It was, tlierefore, thought worthwhile to investigate the 
absorption of 3.18-cm microwaves in aniline, o-cliloroamiino, m-chloroanilinc 
and 0 ; m- and p-tolui(lines and in their solutions in^-benseno, carbon tetrachloride 
and diphenyl ether and to find out to what extent the NHj group has freedom of 
orientation in the different environments. 

♦Oommujiicated by Prof S. C. Sirkar 
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iOXPbJRIME^JTAL 

The liquids were first dehydrated carefully with anhydrous magnesium 
sulphate and were then subjected to fractional distillation to get rid of traces of 
absorbed moisture which might show absorption in the 3-cm region. The sol- 
vents were also purified to get rid of moisture and finally they did not sdiow any 
absorption in the 3-cm region. 

The experimental ariangement used for studying the absorption of micro- 
waves in the pure liquids and in their solutions in diphenyl ethei' was the same 
as those described in an earlier paper (Bhattacharyya, 1958). 

The data required to calculate a, the radius of the rotor in the case of aniline 
were obtained from the International Critical Tables. The values ofi/, the 
coefficient of viscosity of the liuids and solutions at different temperatures wercj 
determined with a viscometer by comparing the time of flow of a volume of the' 
solution and that of a standard liquid. A temperature viscosity graph for each 
liquid was diNiwn and the viscosity of the liquid at the required temperature 
was obtained from the graph. 

The dielectric constants, c, were measured by the resonance metliod developed 
by Hartshorn and Ward (1936). The refractive indices of the pure liquids were 
obtained from the International Critical Tables and those of the solutions wore 
measured in the laboratoiy with Abbe's rcfractometer. Square of the index 
was taken as equal to f^. In calculating the attenuation oooffioiont of the 
solutions the index thickness of the liquid m the solvent was used. » 

RESULTS AND DISCUSSION 

The attenuation coefficients of the pure substances at different temperatures 
arc shown graphically in Fig. 1, and those of the solutions of the substances in 
diphenyl ether are shown in Fig. 2. No absorption maximum was found in the 
cases of the solutions of the substances in benzene and carbon tetrachloride. In 
those cases the absorption was found to increase continuously with the lowering 
the temperature but before the maximum could ho reached the mixtures froze. 

The concentration of the solution in each case was 30% by volume. 

It can be seen from Fig. 1 that pure aniline shows maximum absorption at 
23°C. In the cases of pure c-chloroaniUne and m-chloroanilin^the maxima occur 
at 30*^0. Ortho- and w-toluidines show absorption maxima at 20®C and 25°C 
respectively. The liquid ^-toluidine like its solutions in benzene and CCI4 shows 
increasing absorption with IcttKering of temperature till it freezes. 

The radius of the rotor in the cases in which absorption maxima were found 
were calculated by using Debye’s formula as discussed in an earlier paper (Bhatta- 
charyya, I960), The data required for the calculation of the radius of the rotor 
along with the values of the radius thus calculated are given in Table I. 
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TABLE I 

Frequency = 9415 Mc/sec 


iSubHUuico 

e 

EO 

Tnc 

V X 10-2 

r X 10 LJ Heo 

« X 108 (iin 

Amlmo 

7 2 

=-2.52 

290 

4.02 

1 . 405 

1 ,043 

o-Chloiooniluie 

11.0 

= 2 53 

303 

3 10 

1 .228 

1 097 

m-Chloroanilino 

11. 2 - 

-2.53 

303 

3.. 30 

1 .249 

1 .080 

o-Toluidino 

0.4 

--2 47 

298 

3 . 80 

1 . 450 

1,071 

?a-To]uidiiio 

0.0 

:r.2.47 

293 

3 . 75 

1 .473 

1 ,081 

30% Anilino in 
djphojnyl oilier 

5.1 

= 2 47 

293 

4.4 

1 . 529 

1 .038 

30% o-Ghloroanilino 
m diphonyl other 

5 . 83 

= 2.4903 
= 2 50 

.301 

3.3 

1 3922 

1 , 1 054; 

30% '/a-Cliloroamlino 
in diphenyl othor 

.5.9 

-2. 4903 
--2. 50 

301 

3 35 

1 .3852 

1 .1023'^ 

30% o-Toluidino in 
diphenyl other 

5 01 

^2 405 
= 2.47 

293 

3 . 80 

1 . 535 

1.0914 

30% »H-Toluidino in 
diphenyl ether 

4.80 

= 2.405 
= 2.47 

290 

3 7 

1.5449 

1 .093 

30% p-Tohudino m 
diphonyl oi/hor 

,5 0 

“2.406 
= 2 47 

298 

3 75 

1 .5357 

1 .1004 


The radius of the rotor calculated for the different substances Mere found to 
be I.IA approximately both in the pure liquids and in the solutions. ^Ulio same 
value of the radius of the rotor in all these cases suggests that the rotor in all these 
cases must be asubstituent group coninion to all. AstheNHjj group is the only group 
coinnion to the molecules of all the substances the rotor is assuiucd to be the 
NHa group. These investigations give us interesting inforination regarding the 
structure of this substituent group. If the Nllg group would possess a planar 
structure we would not expect any absorption, because of the cancellation of the 
components of the dipole moments of each N-H bond jierpendicular to C“N 
bond. If the Nffg group would bo supposed to retain its pyramidal structure 
as in the NH 3 molecule even when one of the H atoms is substituted by the ben- 
zene ring the dipole moment w^iuld be inclined at an angle 6 ^ to the C-N bond and 
it could orient under the influence of the incident microw^aves and we might 
expect absorption of the microivaves. Thus the presence of absorption of niicroAviivcs 
in aniline and substituted anilines suggests the pyramidal structure of NH^ group 
in these molecules. This conclusion is in agreement with the results obtained 
by Tiganik (1931) in his investigations on the dielcetric, behaviour of chloroanilincs 
and toluidines. He found that though the liulculations of dielectric constants 
based on both planar and non-planar structure of NHg group in meta substituted 
anilines yield results in agreement wdth the experimental results yet in the cases 
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of orfch .0 substituteci compounds caloultitioiiB based on pyi’amidal structure give 
results more in agreement with the experiments than those calculated on the biiRis 
of pJanai' structure of NH^, 

The absence of any absorption maxima in the cases of the solutions in benzene 
and carbon tetrachloride may be due to the low viscosity of those solutions. From 
Table I it will be evident that for maximum absorption a viscosity of the order 
of a X 10“® is necessary, but such a high viscosiiy cannot be obtained in the cases 
of solutions in benzene and carbon tetrachloride. To verify whether the low 
viscosity of the solutions was responsible for the full transmission of the micro- 
waves through these solutions diphenyl ether, Avhich is mori‘ viscous than eithei’ 
carbon tetrachloride or benzene, was chosen as the solvent and the ab.sorption 
maxima were found to be in the temperature region 20'^C-30“C in these cases. 

radius of the rotor calculated from the observed values of t was found to be 
1 .1 A approximately, This is fairly in agreement with the values obtainerl in the 
cases of the pure substances. 

Thus it can be concluded that the N— H bond makes a fairly large angle with 
the direction of the C-N bond so as to make the radius of the rotor about l.OA 
and this method is useful in finding such angles at least apxiroximately. 

A 0 K N () W J. K D a M E N T 
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A GENERAL METHOD OF FINDING THE PRINCIPAL GRYS-,| 
TALLINE SUSCEPTIBILITIES OF TRICLINIC CRYSTALS 

D. 8. GHOSH AND R. N, BAGCHI 1 

DBPAitTivtiONT or Magnetism, Indian AasoiUATioN for the ('iiltjvation of 
Science, Oahayfeji,, Calcutta-32 
{Received August 3, 1962) 

The existing methods (Mathur, I960, Ki'ishnaii and Mookhorji 1936, 1938) 
to determine the principal crystalline susceptibilities of triuhnic crystals are 
considered to be difficult, approximate and extremely , tedious. We shall 
indicate a new method of finding the principal susceptibilities and their directions 
in such a crystal. The method is quite general, comparatively easier and involves 
no approximation or trial and error. Its accuracy depends only upon that of the 
measuring apparatus employed. 

Let UB take any one of the three principal crystallographic axes of a tri- 
clinic crystal as the :r-axis. The perpendicular to this axis lying in any adjacent 
principal crystallographic plane is taken as the ^/-axis and a line perpendicular to 
both X and y axes is the s-axis. Consider any crystallographic plane whose Mil- 
lerian indices are h, k, 1. The normal to this plane (hkl) has direction consiiios 
I, V/, ^ relative to the x, y, z axes respectively. The above choice of co-ordinate 
axes enables us to express the direction cosines 77 , ^ in terms of Milleriaii indices, 
axial length ratios, triclinic angles and a dihedral angle between two principal 
planes (these are not all independent parameters but are retained for convenience 
of expression and calculation). 

The equation of the ellipsoid of crystalline susceptibility (per gm-mole- 
cule) referred to the x, y, z system is 
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where Kyy, Kyg are the six independent components of the 

susceptibility tensor (per gm-moleoule) referred to the z system. If the values 
of the above six tensor components are determined, the three principal crystalline 
susceptibilities are given by the three roots of ^ of the following determinantal 
equation 



Exy 




Kxy 

Eyy-X 

K„z 

= 0 

... 1) 

Exz 

Eyz 

Kzz-X 




The direction cosines of any one of the principal crystalline susceptibilities, say, 
Xit relative to a;, y, z axes respectively, are given by 

fx = [KxyKyg K^2{Kyy ^ 

g,:=:={K^yK,g--Kyg{K^:,~Xm V (2) 

K - \{K,,^xmvv-X^)-E\y\Q J 

whore Q — X%)\^'\'{j^;rvEa!Z I^yzi^xx iVdF 

To find the values of the 6 tensor components, we have to measure Xmax-]-Xmin 
along six non-parallel planes of the crystal where Xmaa^ Xmin are the mo-xinium 
and minimum siiscicptibilities (per gm-molecule) respectively in a plane. The 
value of i^ a plane wh<»se normal has direction cosines t}, ^ has been 

calculated by us to be ’ 

Xwax-\-Xmin — E^;^{l~-$^)~\-Kyy(:l—y^)-{-Egg{l—^^)—2Kj,y^7i—2K^giC—^^yzV^ (3) 

Hence working with six planes we shall have six linear equations of the type (3) 
and the six unknowns K^x, Kyy, Kzz, K^z Kyz can be determined. 

The maximum and minimum susceptibilities in any plane can bo measured 
as follows. (1) Measure the anisotropy {Xmitr-Xmin) in the plane. (2) The crystal 
is then suspended freely in a horizontal type suseeptibiUty balance (Ghosh, P. 
K., to be published) so that the plane in question is horizontal. With a flexible 
and twistablo suspension the inaxiraum susceptibility automatically sets itself in 
the direction of magnetic field. Measurement of susceptibility undei’ this con- 
dition gives Xmax in the given plane. In this way both Xi}tat and Xnin in six 
different planes can bo obtained with a good degree of accuracy, and hence the 
magnitude and directions of the principal crystalline susceptibilities from 
equations (1), (2) and (3). 

Measurements on OuSO,. 5H,0 and CuSeO,, 5H,0 are in progress in this 
laboratory. The details of the theory of the method and experimental results 
will be published shortly. 
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communication) that we could have taken an arbitrary set of orthogonal axes (.r, y, z) 
and the 5 measurements of Xuuix With tho following conditions together Mdth ihe 
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ELECTRON TEMPERATURE IN AIR UNDER LOW FREQUENCY 
ELECTRIC DISCHARGES EXCITED BY EXTERNAL 
SLEEVE ELECTRODES 

D. P. JATAH AND K. R. CHANDRAKAH 

DKPAHTMKNT of PtIYSICB, TJnIVKRSII'Y of SAU(i‘Alt, Sahoab, M.P. 

{lif^ccived >fidf/ 24, ifIGI, Eemfmittcd March 1 5, J962) 

The kiiow'ledge of electron energies is essential for nnderstamling the nieoJia- 
nism of any type of elontrio discharge. So far there has lieen no attempt to study 
this quantity in low frequency clischarges excited by external sleeve electrodes. 
In the present work, the floating double probe method of Johnson and Matter 
(1950) was used. A cylindrical tube of 32 mm diameter, filled with air at 2 mm 
Hg„ was excited by low frequency (50 c/s) potentials.^ Two probes made of tungs- 
ten wire of 0.15 mm diameter were sealed in the tube 2 mm apart. The inter- 
sleeve distance, da, was varied over the range from 2 to 5 cm. The distance, 
d^., of the probes from a given sleeve was also varied. 

The probe characteristics obtained were similar to those reported by Johnson 
and Malter. A typical characteristic is shown in Fig. 1 . The values of the elec- 
tron temperature calculato(l by the ‘equivalent losistance method Aveie found to 
bo emallo! than those calculated by the other methods. There was an appre- 
ciable variation in tlie values of the electron t‘^mperature for different sleeve dis- 
tances and probe positions, (kmsideiing the mean value of the electron tem- 
jierature for each sleeve distance and probe position, the electrons can be divided 
into three groups of average temperature 3.0, 5.0, and 7.5 X UP “K. 

]ii the negative glow of d.o. discharges, three groups of electrons, termed the 
fast, the medium and the slow electrons, have been reported (Francis, 195fi), th?iir 
energies varying from 25 to 0.5 eV. The recent results of Okuda and 
Yamamoto (1950) indicate that the fast electrons are observed only as a 
discrepancy in single probe measurements and are absent in multiple piobt' 
measuromonts. The absence of electron energies beyond about J 0 ev may be 
attributed to this. However, the present glow did not exhibit regions corres- 
ponding to the negative glow and the positive column and a different 
mechanism for this type of discharge may bo necessary, 
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Fig. 1. DoubJe probe potential-current oharactoriatic. * 

— ^Probe current in arbitrary unite. 

Vd — Probe potential in volts. 

^ . a - ~ 

^ ^ did 11.6’ sip 26. 2 


Vi, Hz, iez, ^^0 meaaured at Vrf = 0 
Te = 11600(— C2) Ho Zip 
= 1.203x104 °K. 

Grateful thanke of the authors are due to the Council of Scientific and Indus- 
trial Research, New Delhi, for awarding the Junior Research Fellowship to one 
of the authors. (K.R.C.) 
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THE INFRA-RED SPECTRUM OF CYCLOHEXYL BENZENE 

B. N, BAPAT 

l^HYsics Department, Colleue oe Soiencd], naopum 
{liet'etvcd Jam 9, 1962) 

Th^ infrared apectrum of uyclohexyl benzene was reeorded on the Perkin- 
Blmer infrared spectrophotometer using sodium chloride optica. The substance 
was introduced directly in between the sodium chloride plates and the thickness 
of the film was 0.1 m.ui. This was kept in front of one of the apertures. In front 
of the second ajierture only one plate of sodium chloride having the same thickness 
as the total thickness of these two plates was kept. In case of broad bands, in 
order to define them further the plates wore pressed together to include a very 
thin film. In Fig. I the infrared spectrum of cyclohexyl benzene is given. 



KEStTLTH 

All the bands observed in case of cyolohexyl benzene are given below, vith 
the intensities for the same (vvw-very very weak, vw-very weak, mw — ^medium 
weak, w-weak, s-strong, vs-very strong, vvs-very very strong). Infrared 
spectrum of cyolohexyl benzene. 

4:546 v.v.w. 

4201 VpV.w^ 

4016 w. 

3424 vw. 

3039 s 
2932 VB 
2865 vs 
2666 mw 
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1941 mw 

1273 

1886 

1264 mw 

1869 vw 

1228 w 

1851 

1197 vvw 

1801 lUM 

1177 m 

1769 

1154 mw 

1748 vvw 

1131 m 

1727 

1104 mw 

1694 

1068 8 

1680 

1047 

1661 vvw 

1029 s 

1644 

1005 H 

1607 s 

996 s 

1588 111 

961 vvw 

1563 

922 mw 

1538 vw^ 

904 

1495 vs 

892 

1461 

884 s 

1449 vs 

863 ms 

1369 w 

840 vvw 

1350 mw 

829 m 

1328 vvw 

775 ms 

1298 vvw 

753 vvs 

1290 vvw 

696 vvs 


The discussion and other details will be published elsewhere. 
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LECTURES ON FLUID MECHANICS. By Sydney Goldstein, Pp. i-xvi-f 
309. Interscience Publishers Ltd., London; Interscience Publishers Ino, 
New York, 1960. Price $ 6.60. 

This is the second of the four volumes in w’^hieh the proceedings of the Summer 
Seminar on Applied Mathematics held at tho University of Colorado in June 
1967 were to be published. The object of the Seminar “was to give mature 
mathematicians an opportunity to become familiar with some of the major sectors 
in applied mathematics”. Tlie present volume contains twelve lectures on Fluid 
Mechanics by tho author and two special lectures by J. M. Burgers. 

The first Chapter deals with Kinematics. Starting wiili an explanation of 
Lagangian and Eulerian specifications, it deals with acceleration, equation of 
continuity, boundary conditions, tho rate-of-strain component, the vorticity, 
vortex lines and tubes, irrotational motions, vector potentials and stream func- 
tions. Vector notation has been used in all these treatments. Chapter 2 dealing 
with Dynamics of the General Fluid staits with the stress tensor and gives suc- 
cessively the equations of momentum, angulai momentum and energy. Chapter 3 
deals with electric and magnetic forces in a fluid and the diseusaioiiH are based 
on Minkow'ski’s theory of the electrodynamics of moving media. The theory of 
motion of inviscid fluids is given in Chapter 4. The conditions for steady motion, 
the equation for velocity potential in the irrotational motion of a gas, the theorems 
of Kelvin, Helmholtz and Lagrange, Cauchy’s vorticity equations and shock 
waves are dealt W’ith in this Chapter. 

The properties of viscous fluids, and Navier-Stokes equations are discussed 
in Chapter 5 and exact solutions of Navier-iStokes equations are given in the next 
Chapter. Tho boundary-layer theoiy and its extension to incomprossibb fluids 
are discussed in Chapters 7 and 8 respectively. Chapter 9 deals with boundary 
layers in gases, and dynamics of inviscid gases are given in Chapter 11. The next 
two chapters deal respectively with mixti^re and high temperature effects in gases 
and longitudinal (electrostatic) waves in a gas. There are four appendices and 
two special lectures by J. M. Burgers on some problems of magneto-gasdynamics. 

References to journals and books have been given whenever necessary in the 
text and a list of books and monographs has also been included. 

As indicated earlier, the volume is meant for advanced students as well as 
for research workers in Applied Mathematics who will find the volume to be 
extremely useful to them. The get up of this cloth-bound volume is quite good. 
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INTERNATIONAL DIRECTORY OF RADIOISOTOPES VOLUME I. Pp. 
i-xiu+264. International Atomic “Energy Agency, Vienna, 1959. Price 
not stated. 

As indicated in the preface of this volume, it has been pubhshed in accor- 
dance with the recommendations of the Preparatory Commission of the Interna- 
tional Atomic Energy Agency with the object of assisting the Member States to 
acquire the knowledge and skills needed to make full use of radioisotopes and radia- 
tion sources. It is acknowledged that the Member States have co-operated in 
this attempt by providing the infoiinatiou required for the peaceful uses of atomic 
energy. 

The first thirteen pages of the volume deal with (1) Safe handling of radio- 
active materials, (2) Suppliers of radioisotopes, (3) Additional information op 
radioisotope production, (4) Definition of terms and (5) Information on tabled 
The tables of Radioisotopes run through 263 pages and give data for 1 85 radi^ 
isotopes. Kach table gives the information about the radio isotope in six columns J 
giving respectively the description, the supplier and code, the unit weight', the',^ 
specific and total activity, the price and some remarks about fission product, 
purity, etc. 

It is needles to point out that it was possible to collect such a valuable store 
of information only with the help of international cooperation. Every scientist 
who is engaged either in research work or in any other hiimanitaniin work in 
which the use of radio isotopes is indispensably necessary will find the Directory 
immensely useful to him. In the opinion of the reviewer this volume should 
find a place in the library of every scientific institution, 

8, G. 8. 

ADVANCES IN SPECTROSCOPY, VOLUME 11. Edited by H. W. Thompson. 
i-xi-|-479 Tnterscience Publishers Inc., New York, 1961. Price $ 13.00 
This is the second volume of the series of volumes proposed to be published 
annually and it contains articles on nine different topics contributed by different 
authors. 

In the first article on Application of Atomic Absorption Spectra to chemical 
Analysis by A. Walsh the author has discussed the characteristics of the atomic 
absorption spectra, experimental techniques for measuring peak absorption, 
advantages and limitation of this method of analysis and the present status of 
the method. 

The second article contributed by A. C. Gaydon deals with Spectra of Flames. 
After describing typical burners used for producing suitable flames, this article 
gives information about the use of flames in absorption and emission spectroscopy 
in the qualitative as well as quantitative estimation of molecules, 
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The third article on X-ray Spectroscopy contributed by Herbert Friedman 
deals with -the details of technique required for the method of analysing mineralgj 
by X-ray spectroscopy. Various difficulties encountered in the method and the 
means of overcoming them have been discussed in detail. 

The fourth article on Nmslear Magnetic Kesonanoe by R. JS, Richards deals 
with the theory of the phenomenon including derivation of Bloch equations. 
The discussions on N.M.R. m solids include those on dipole-dipole coupling, 
nuclear electric quadrupole interaction and effect of molecular motion in the 
solid. Next, the chemical shifts, spin-spin coupling and spin-lattice relaxation 
in liquid and gases have been disenssed. Finally, the experimental teclmiques 
have been described in detail. 

In the fifth article W. Vedder and D. F. Hornig have discussed the Infi ared 
Spectra of Crystals. The method of calc-ulating normal vibrations of three dimen- 
.sional latt](5e with the help of group theory has been explained and discussions 
on the spectra of u, few typical molecules in the crystalline state have also been 
included. 

The sixth article by J. H. Jaffe deals with Refraction of Gases in the Infrared 
and gives the d<?tails and principles of the Rehovoth refractometer. 

The seventh article by K. P. Norris gives an account of the Infrared Spectra 
of Microorganisms, and the eighth article by G. H. Beaven deals with the spectra 
of proteins and related compounds. The methods and the results of investiga- 
tions on 1he ultraviolet absorption spectra, fluorescence and phosphorescence 
spectra of proteins have been discussed in detail. 

The last article on Some recent developments in the Theory of Molecular 
Energy Lm^els” has been contributed by H. C. Longuet-Higgins. The theory 
deals mainly with the coupling between the vibrational and electronic motions 
of the molecules and the significance of the Jahn-Tellor and Renner effects has 
been discussed in detail. 

Each of the articles includes an exhaustive list of references. Researcli 
workers interested in the various topics discussed in the volume will be greatly 
benefited by the publication ot this volume. 


s. a s. 




56 

RESPONSE FUNCTION OF A DEGENERATE 
ELECTRON GAS 

P. MISRA AND D, mSRA 

Bepabtmbni’ OB’ Physios, Bavenshaw CoiiLEQE, Cdttaok 
[R&o&vwd November 13, 1961) 

ABSTRACT, The oloctrical boliaviour of a homogoneous eloctrou gas is boat deBcribed 
by the ‘Response function’ K{lcu) doflnod by the relation «) Ka,fi{k, w) Efi (k, a) 
which in space time configuration becomes a nonlocal and acausal lelation J„lr , f dr' 

+ 00 ->-+ a\ t I J 

J dt' Kaili {r—r', i—t') Efi {r', t'), J and E bomg the cun’oiit density and electric Held roapec- 
-00 

tivoly and J and E their Kouder transforms This function is analngous to the inverse of 
‘Impedance’ in electric circuits and determines how an electrical disturbance propagai/es in 
the electron gas and under what circumstunces the disturbance liecomos oscillatory. The 
expression for the energy loss and scattering of charged particles involve Ihis lesponse function, 
b’or tlieso reasons the function is a very important ]3aramoter for an electron gas. So far, 
this function has been ©valua,ted for an olociron gas at absolute zero teinporaturo. In this 

paper wo have evaluated this function at tomporatures in the neighbourhood of absolute 
201*0 temperature by using the Bolfczman-Vlassov equations and Permi -Dirac distribution 

law of electron enorgiea. Causality condition has been invoked on (r— /,!{—<") to make 
tho ouri-ent-eloctric field relation causal. Condition under which the oleotrical disturbance 
bo comes oscillatory aro discussed. It is found that these conditions are tho dispersion 
formulae for the Plasma oscillations of the electron gas. 


RESPONSE FUNCTION FROM BOLTZMANN-VLASSO Y 
EQUATION 

The lineariaed Boltzmami-Vlassov equation 

9/i -* t (i\ 

4- «. Vr A = — — • V» A . (1) 

ot m 

(where /g is tho equilibrium distribution function and represents the departure 
from this equilibrium value and E, the electric field resulting thereby) can be 

— ► — ► 

solved with the help of the Green’s function B (r, w, t) defined by 
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This solution is 

AM I *' v« A «') - (3) 

‘ > ' > 

and gives the following expression for the current density J{r^t) : 


J„ (r, /) = — e<^4a fi(r, #) > = — J dr' J di' >E^{r\t*) 

-flB ^ 

^+0# 

= I d r" J d (rt-r^ t~t')Ef if, t'). 


where 


“dwfl ’ 


«3 = and <F{u)> = J d,nF(u). 


... (4)- 


In energy-momentum space, equation (4) reads 

{h, w) = {h, o) {k, a>), .... (6) 

where the curly letters stand for the Fourier transforms of their ordinary counter- 
parts. Kafi [kf ‘‘i) is ‘response function’ of the electron gas, and is given by 

■^aS ■“) = ^r~~ ( duB{k, w, u) Ufi ' ... (6) 

47r J 

The value of B(k, co, u) can be found by solving Eqn. (2). This solution is ob- 
tained by taking Fourier transforms of both sides of Eq. (2). One gets 

... (7) 


k == (0, 0, k), u — {ui, Ugj u) 


B(k, u)= :rT' 

<A—k . u 

which on substitution in (6) gives for 


... ( 8 ) 
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It will be seea that the integrand of 7(jfc, co) ,iB singular at w =: o/Jk. It has been 
shown by i^adhan that the prescription for integration across this singular point 
can be obtained by invoking the causality condition : 

(r-r"; = 0 for t<t^ (9) 

This condition will be satished if we give a small positive imaginary part to co 
in Eq. (8) in which case we have 


l,(fc.<0)= 

J Cl)— fciA+te 


K^f(k, o) = 

477 


{h CO) 


(10) 


Explicit expressions for Kafi{k, <o) have been obtained by Lindhard (1954) for a 
degenerate electron gas at absolute zero temperature in which the imaginary part 
is arbitrary due to lack of proper treatment of the singularity in Eq. (8). Ex* 
pressions for this same function for osoillatoiy disturbanoef both at absolute zero 
and in the neighbourhood of absolute zero temperature with correct treatment 
of the singularity have been obtained by Eradhan and one of the present authors 
(1960). It is the purpose of the present work to find expressions for aU the com- 


ponents of co) at absolute zero as weU as in the neighbourhood of absolute 

zero temperature using Eq, (10), Since exact evaluation which should be valid 
for all temperatures, is not possible, wo employ Sommerfold approximation 
(Sommerfeld, 1928). 

OOMPUTATION OP ktr{Jc, o) 

In this section we shall mako a computation of Kir {k, w) = K^n^ni (^» co) 
for temperatures in the neighbourhood of absolute zero by employing Sommer- 
feld’s approximation for evaluation of the integral on the R.H.S. of Eq. (10). 
The zero temperature value can be obtained from this expression by letting 
temperature go to zero. According to Eq. (10) 




dui 


^ f -P-^ = ^ f 

' 477 J ( 0 — fcw+te 477 J CO— /cw-|-ie 

^ -iA.P { du (t) +iKtr'‘> ... (ll) 

477 ; cj— ^ 4k \ k / 


tifi’or oscillatory disturbance ^Cas {k, «) takes such a value that the dielectric constant 
833(0,) «= is identicaUy zero for all temperatures. This will be discussed in 

section 4 of this paper, 
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where for a S'ermi distribution : 


f ^ I .... ) 


Therefore : 


=-'§^P\ 


oi—ku 


= «0 


(“I'M 


i. I..I1+I — H-«“) _ 

Cl) — ku jik 


where 


/(«) = I dx . . with d4>jdx = log 


l+e-‘'+* 
o 

According to Sommorfeld, 

/(„) = ^(a, = v)+2f;0„(|3)^_ 

?l=l 

where 


()^lk-\~u 

()ilk—ti 


C?„ =. S (-1)*+! . s-^ 


so that 


0, = n^lU 


. I (u) . 

■ ( 12 ) \ 


We shall compute up to terms ri = 1 in this expansion and at the same time make 
Taylor expansion of (p{v) and ^ ~ ’^o retaining terms up to first 

order in (v— Vg). In that case we get 


+ 




oilk-\‘-VQ 


oijk—VQ 


+5- 1 10 / i \ 

' 3 co*/A:®— vj \ ^4/ 
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where Vq = velocity at the top of Fermi distribution and which tm substitution 
in Eq. (12) gives 


" »„tU/ L t+2r« ¥1 


+ ™ \’J_l 0 E _?./*’+»« J. (my 1 ,nl I \ 

h I njt ® o/fc— i) „ hi a^jk^-vy \]8‘/ 


^ ... (13) 

To this approximation has the value as obtained from Eq. (11) by Taylor’s 
expansion 


v' (1. i I'. ( * ) +(.-.j ( ’*^1 ) 

At absolute zero temperature — oo whence and take the values 

(™ ) ’ 0 (vy-o>W) ... (14o) 




5*)/^+ Vo I 
(^IIc — Vq 


.. {13a) 


COMPUTATION OF Ki{l, w) 

Now we shall perform analogous computations for Ki{k, to) = K^^{lc, to). 
From Eq. (10) we have 

•%(!., «) = -J-l f ^ \\u 

' 47r J <0— ^TT J to— 


du. 6{«,lk) ... (15) 

4rr J (si—ku 4k 


where 


G(») = » I I duMu, ») = - ™ )’ r+e^ 
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for the Fermi distribution. Thereforej 


CO) = ( “ )’ p f "cfc tH+n 

Wn \ ft / J to — , 


,-v+^PU2 

Icu 


d^jdx 

■■^'+*4-1 


16 ) 


with 


=_ ( r)'f <fo -1 

V2w>^fcX ' ' o ® 


: /\/x 

dx x—mfi(ii^l2k^ 

Performing integrations in a manner similar to the previous section we gel 
'Kmh co)=-^??<l‘ /“r f ^4- loE 1 

‘ ^ njc \h) L i ^ ® co/Jfe+tio I J 

' 6^^}^Vo\ h ) 

For Ki^^^{k, w) Eq. (16) gives, to this order of approximation ^ 

The zero temperature values are obtained by letting yff = oo in Eq. (17) and 
and Eqn. (18). 

CONDITIONS FOB OSCILLATOBY RESPONSE 
Maxwell’s' electromagnetic field equation 


(17)’ 


(18) 


VrX(VrX ) ^2 ^^2 Qf 

which is equivalent to the following component-wis^ equations 

tells us that the response will be oscillatory if 


,dJi 


(19a) 


(19b) 



wWoh is equivalent to the statement 


ift.»''-(i. 0)) = (co»-W), ^ »> 


... ( 20 ) 


For d-.^ .*U„ . „„ ^ ^ fc 

^t?‘’(1‘, “) = Kt‘‘°-(h, u,)—ir __ i{<>>‘—2iru,—kV)ll4.irltji'\ 

do> ..(21a) 


.£l‘‘"'(*!, a) = .ff,<'“(i!, <o)-»V Ar’ ii, oi) = *1“.-®'') ,„,, , 

Now we can use the expressions (11) and (15) for K„.(k, a) and K,(k. a) on the left 

the those equations and equating real and hnmaginaiy parts we obtain 

the following conditions for otsoillations : 

Transverse ; 


£ <'> 51 -+ 


3’ F(a/k)+ “•*! /{p )- au m \ = 

w 47r d(i)l -a (i) — kul 


-2-v + W 


Longitudinal : 


^ P'f ^ Cf(a/k) = 

47r -00 CO— Aw 4A dw ' ' ' 




... (22d) 


These conditions are actually the dispersion formulae for the oscillations 
and agree with those obtained with reference (1) and other works quoted in reference 
( 1 ). 
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Phte VI A ami Vi B 

ABSTRACT. 'I’lio Bnniau spectra of isoqumoline, a-fliioro- uiid o-chlojonapliilialeno 
in the* liquid state and m the solid .state at -180'V and also tlaur iidnurd .spcolra m tho liquid 
state and in solution have boon mvosl i[niled and probable assignment of the vibrational Iie- 
quoncioR has been made. It has been ]uumed out fioin tho observed results that m the liquid 
state tho inoleoulos of n-fluoi onaphthalone exist, mostly as diinets and those ol a-chloronaph- 
thalono as a luixtui'e of dimors and inoiiomers Some ehunges also tnke place m the s]»cctia 
of tho compounds on soljdjlieation. All these results havo bi-'u explfwncd on tho hjqidlhesis 
that nioloeular assoeiation takes plaio at loiv tempora.tureR 

I N I’ R O D U C T I O N 

The assignment (^f the vibrational frequencies of tho naphthalene molecule 
to its different modes was made earlier by Lippincott and O’Reilly (1955) and also 
more exhaustively by Me Clellan and Pimental (1955). Recently, Scully and 
Whiffen (1960) nuide a revised assignment by calculating tho vibrational fre- 
quencies of naphthalene and the planar vibrational frequencies have been cal- 
culated indciiondently by Frooniaii and Ross (I960). Since there is a disagree- 
ment between some of the assignments proposed by different workers, an attempt 
was made to aii’ive at correct assignments of some of the vibrational modes of 
naphthalene by comparing its Raman and infrared spectra with those of quino- 
line (Deb, 1961), because some of the vibrational frequencies of the naphthalene 
molecule v^ere expected to be almost equal to those of quinoline. On the other 
hand, when some of the hydrogen atoms of naphthalene are substituted by heavier 
atoms certain vibrational frequencies of the molecule diminish to a ^reat extent. 
Hence, a comparison of tlie Raman spectra of such substituted compounds with 
the spectrum due to naphthalene might also bo helpful in the assignment of the 
vibrational fi’equencios of these molecules, 

'•'Oonirnmucated by Prof. S. C, Sirkar 
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The Raman spectra of naphthalene crystals at different low temperatures 
were studied earlier by many workers and certain explanation of the origin of now 
low frequency lines was made (Sirkar and Ray, 1950; Ray 1950). Recently, the 
Raman spectra of quinoline and tetralin in the solid state at — 180°C were studied 
(Dob 1961) and the results were compared with those due tol naphthalene and 
benzene. It was not known, however, how the spectra of substituted naphthalenes 
in the solid state depend on the nature and the position of the substituent atom. 
In order to find out such influence, the Raman spectra isoquiiiolino, a-fluro - and 
a-chloronaphthalene in the liquid state and in the solid state at — 180°C and also 
their infrared spectra in the liquid phase and in solutions in the region 607 cm“^ 
to 3200 cm“^ have been stuflied in the present investigation and the results have 
been discussed in this paper. 

M 

E X P K H 1 M Jt N T A L 

The liquids were supplied by Eastman Kodak Co., U.S.A, and were of chemi- 
cally pure quality. They were further purified by distillation under reduced 
pressure. The arrangements for studying the Raman spectra of the substances 
in the liquid state and in the solid state at — 180^0 were the same as those used 
in earlier investigations (Deb, I960). The state of polarisation of the Ramau 
linos was also determined by recording siinultuneously the horizontal and vortical 
components of the spectra of the scattered light using a double image prism. The 
spectra were recorded on Ilford Zenith plates with the help of a Fuess glass 
spectrograph having a dispersion of about llA/min. in the region 4047 

The infrared spectra of the liquids and their solutions in 001^, CS 2 , ft-hexane, 
CHCls ether in the region from 607 cni~^ to 3200 cm ^ have been recorded 
with the help of a Perkin-Eliner Model 21 spectrophotometer with NaCl optics. 
Absorption cells of thickness 0.05 mm were used in recording the spectra due to 
the solutions while much thinner films pressed between two NaCl discs were 
used in the case of pure liquids. iSuiiablc compensation cells were used in the 
reference beam while recording the absorption spectra due to the solutions. 

RESULTS 

The Raman spectra of isoquinofine, a-fluoro- and a-chloro naphthalene in the 
liquid and solid states are reproduced in figures 1, 2 and 3. Plate(VIA and VIB) and 
the infra-reiA absorption curves for the three compounds in the liquid state are shown 
in figs. 4, 5 and 6. The Raman shifts observed for the three substances are given 
in Tables I, It and III. The Raman frequencies of the compounds reported by 
preivous workers have been included in the Tables for comparison. The state of 
polarisation of the Raman lines are indicated by the usual letters “P” and “D” 
which moan polarised and totally depolarised respectively. The infrared fro- 
quenoies observed in the cases of the three liquids are given in Table IV. 
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TABLE I 

Raman spcsctra of iso quinoline. Av in om-^ 


(Pure liquid) 


Jatkar (19:16) 

PrCHeut 

Author 

(Solid at — ISO^C) 

ProBoiii author 



" 7674) 



122(2) 


l8](2b)D 

142(2) 

409(10) 

617(10) 

382( I )I) 


507(8)P 

523(-i)P 

638ri)P 

502(4) 

517(2) 

778(10) 

780(1 0)P 

785(5) 

1008(4) 

l0.S0(r)) 

1132(0) 

067( 0b)D? 

1010(4)I» 

10:U(f5)P 

1 1 39(2)D 

1006(0) 

1024(2) 


1177(0)P 


1 2 ri 2 ( 1 ) 

1278(2) 

]21:3(1)P 


1200(1 )r) 


1321(5) 

1318(3)P 

1318(0) 

137H(H)) 

1383(1 5) P 

1383(10) 

1428(5) 

143()(0)P 

1432(1) 

1 457(5) 

1491(0) 

1462(6)P 

1458(1) 

1551(2) 

1 ri56(2)P 

1554(0) 

1580(6) 

1 586(0b)P 

1681(1) 

2448(0) 

1 r)27(f))P 


2490(1) 



3047(8) 

3055(6b)r 

3066(lb) 

Raman spectra 

Puro lioii’ 

TABLE II 

of a-fluoronaphthaJone, Av in cin“^ 
ici — " — ' 


VrtJflont Solid at — ] 80'’C) 

Gookol (]f)3r>) author Prosent author 


150(3b) 

1 50(6b)D 

104(4b) 

163(2b) 

273(2b) 

270(6)1) 

275(0) 

465(2b) 

410(0)1) 

462(5)P 

462(1) 

526(0) 

473(6)D 

473(1) 

529(a)D 

565(3) 

568(G)P 

566(lb) 

705(6) 

703( 1 2)P 

706(6) 

873(2) 

874(4 )P 

874(0) 

1012,0) 

966(0)P 

1010(2)P 

1010(0) 

1036(4) 

1037(2)P 

1076(1) 

1 073(4) P 

1075(1) 

1150(0) 

1140(2)t) 

1146(lb) 

1232(0) 

1229(1)P 

1386(10) 

1261{1)P 

1380(16)P 

1382(12) 

1441(3) 

14li(0)P 

1442(8b)‘P 

1441 (4b) 

1669(2) 

1672(8b)D 

1572(4b) 

3065(4) 

1635(0)P 

3063 (6b)P 

3067(4b) 
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TABLE III 

Raman spectra of a-chloronaphthaleiie 
Av in cm“^ 


Pure liquid 


Landolt- 

Bomstem Present Solid &t-180°C 

Tables (1951) author Presont author 


56(2b) 



132(6)D 

140(1) 

174(1) 

221(6) 

221 (6)D 


347(4) 

242(2)D 


287(1) 

366(3) 

360(1 )P 

384(1 )P 


303(4) 

397(0)P 


426(4) 

426(2)P 


458(2) 

516(6) 

51 1 (8)D 

623(0) 

635(5) 

533(1 0)P 

632(4) 

590(1) 

666(7) 

664(8)P 

663(1) 

731(2) 

727(0)P 

760(3)P 


787(2) 

782(0)P 


828(7) 

826(8)P 

825(3) 

86J(2) 

868(0)P 


897(3) 

901 (0)P 


954(4) 

957(0b)P 


937(4) 

967(0)P 


1021(5) 

1014(4)P 

1012(0) 


1044(4)P 

1044(1) 

1068(6) 

1 062(4)P 

1062(0) 

1140(5) 

1137(4)1) 

1137(0) 

1159(2) 

1166(2)P 


1202(4) 

1201 (0)P 


1257(6) 

1260(1 )P 


1368(10) 

1367(16)P 

1367(12) 

1435(8) 

1428(8)P 

1427(2) 

1462(6) 

1466(3)P 

1458i0) 

1565(9; 

1663(10)D 

1686(0) r 

1666(6) 

1622(2) 

1622(0)P 


2874(2) 

2878(2b)P 


2932(1) 

3002(3) 

2998(1)P 


3060(10) 

3058(8b)P 

3060(4b) 

3076(0) 
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TABLE IV 

Infrared bands of isoquinoline, a-fluoro and a-ehloronaphfhaleiic. 

V in cm-^ 


iHoqumolino af‘Fiu«ronaphthalono 


640(1110) 

702(m.s) 

7C0(vs) 

780(inB) 700(vb) 

840(w) 

^25(va) 852{w) 


87()(ma) 

030(nis) 

, 9r)0(w) 

960 (w) 

J<^08(ms) JOIO(ius) 

]0:15(tiih) 1030(iiih) 

1070(s) 


n: - Ch 1 orc) jiaphthal one 


nGO(w) 

742(mR) 

7GC(va) 

790(vs) 

806(1118) 

8I4(m8) 

850 (w) 

880(v\v) 


942(1118) 
962(.s) 
lOOO(vw) 
1 020(vw) 
I060(vw) 
1070(vMr) 


1140(1118) 

1 1 50(w) 

1 J 80 (w) 


1 220(111, s) 

12l2(w) 

I240(w) 

1230(h) 

1200(8) 

1260(P) 

1280(8) 



n3r>(w) 
J16U(viv 
1 200(ine) 

1250(1118) 


1380(8) 


* 1340(w) 

1 390(h) 1 380(8) 


1440(w) 

1400(w) 

1500(k) 

1560(w) 


J440(w) 

1400(1118) 

1510(1118) 


I430(vw) 

1458(vw) 

I500(aiH) 


1 502(1118) 
• 1580(8) 
1690(s) 
1028(8) 


2945(w) 

2990(ms) 

3060(8) 


1570(ni,8) 

1 000(8) 
1635(w) 
2840(w) 

2920(w) 

3002(w) 

3000(in8j 

3l00(w) 


1 562(w) 
I590(w) 

1620(vw) 

2870{w) 

2930(w) 

3000(in8) 
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DISCUSSION 


(a) Probable assignment 

The Jiiolecules of ieoquinoline, a-fluoro- and a-chloro naphthalene belong to 
the point group (7^. The first molecule should have i^hirty one in-plane and four- 
teen out-of-plane modes of vibration and each of the latter two compounds would 
give rise to thirty- throe in-plane and fifteen out of plane vibrations. All these 
vibrations would l)e active both in Raman scattering and in infrared absorptioU. 
The in-plane vibrations belonging to the symmetry class a' are expected to give 
]’ise to polarised Raman lines while the out of plane vibrations giving rise to 
depolarised lines would belong to the symmetry class a". An attempt can now be 
made to assign the frequencies by compfiring the Raman and infrared frequencies 
of the three compounds with each other and with those of naphthalene. 

Jsoqumolme. It (san bo seen from Table I that isoquinoline gives sixteen A 
polarised and five totally depolarised lines. Thus the number of Raman lines 1 
observed is smaller than that expected. This may be due partly to the feebleness 
of some of the lines and also the frequencies of some other vibrational modes may 
be too close to each other to be resolved. 

In the case of naphthalene there are nine planar modes of symmetry A^. 
As pointed out previously (Deb 1961) the most probjible frequencies of these modes 
are 512, 763, 1025, 1144, 1380, 1460, 1580, 3025, and 3060 cm”!. The 
corresponding frequencies in isoquinoline seem to be 523, 786, 1034, 1177, 1383, 
1462, 1586 and 3055 (b) cm"^ respectively^-. The last broad line may actually 
represent two frequencies. Of the remaining eight polarised Raman lines of 
isoquinolino some are due to modes corresiionding to those of symmetry B^g of 
naphthalene. In the latter case such frequencies are (Scully and Whiffen 1960) 
506, 936, 1168, 1340, 1436, 1624 and 3055 cm“^. The corresponding frequencies 
in the present case may be 507, 1010, 1213, 1318, 1430, 1556 and 3055 cm“i 
respectively. The remaining lines are depolarised and they are duo to out of 
plane vibrations. It may be pointed out that in this case there are two equally 
strong and polarised Raman lines 507 and 523 cm“^ respectively. In the case of 
quinoline, only one such strong line at 519 cm“^, was observed. Judging from 
the fact that the frequency 512 cm“^ of naphthalene increases to 519 cm“^ in 
quinoline and in other naphthalene derivatives the line 523 cm^ of isoquinoline 
can be assigned to a mode which corresponds to one of A g class and the line 607 
cm“^ to another of B^g class is naphthalene (Scully and Whiffen 1960). There 
are two weak Raman lines at 1260 and 1627 cm~^ respectively, They appear 
strongly in the infrared absorption. Hence they may be assigned to modes cor- 
responding to those of class of frequencies 1268 and 1600 cm"^ respectively 
in naphthalene (ScuUy and Wliiffen 1960), The moderately strong Raman hno 
1010 cm“^ having a counterpart in the medium infrared absorption band at 1008 
cm'^ may be identified with the mode 1010 cm”^ of class in naphthalene (SouUy 
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and Whiffen 1960). Besides, the very strong infrared absorption bands at 742 
and 826 cm“^ may be indentifiod with the inodes corresponding to vibrations in 
naphthalene belonging to class u. 

a-Fluoro and oL-Ohhro Tbophihulmt. Tt can be seen from Table If and III 
that the number of Raman lines due to a-Chloronaphthalene is much larger than 
that due to a-fluoronaphthalene. This may be due to presence oi both mono- 
meric and associated dimeric molecules m the former liquid and of only associated 
dimeric molecules in the latter liquid. In the, case of a-lluoronaphthalene twenty- 
two lines are observed. Of these, filtoen arc polarised and seven are totally depola- 
rised, On the other hand, in the case of a-Ohloronaphthalene, out of the thirty- 
four observed lines twenty-eight are polarised and the remaining six lines are totally 
depolarised. As in the case of quinoline (Deb 1961) and isoquinoUnc, the fre- 
quencies of the two compounds corresponding to those of and modes of 
naphthalene are listed in Table V. They will reinesent the in-plane vibrations 
of the molecules. 


TABLE V 
Raman frequencies 


Hviiuiioliy uluss a-F)uoi‘onnplilliaI(*iu' a-OUlororuiphUialfiTU' 
m uaphtlialauo Av in cm' ' Av in. uiir • 


568 

533 

7o:t 

C()J 

1010 

825 

1073 

1014 

1,380 

1367 

1442 

M28 

1572 

1503 

3055 

3055 

462 

426 

874 

760 

1037 

1044 

1229 

1260 

1442(b) 

J450 

1635 

1622 

,3055 

3068 
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B64: 


It can be seen from Tables IJ, 111 and IV that in the c^se of a-fluoronaph- 
tlialene there is a weak Kaman line 1260 cm~^ having a strong infi*a-red counterpart 
at 12G0 cm”^. This frequency and that corresponding to the strong infrared 
absorption at 1600 citi”^ may respectively correspond to the lines 1268 and 1600 
cm”^ due to naphthalene (Scully and Wliiffen 1060) belonging to the class. 
There is a strong infrared band at about 790 cm“^ in the spectrum due to each of 
the liquids. This band may con'espond to the 780 cni”^ band due to naphthalene 
belonging to the £ 3 ,^ class (Scully and Whiffen 1960). 

(b) Changes in the Baman spectra ivith tM solidification of the liquids 

It can be seen from Tables 1, II and III that the spectra duo to all the liquids 
undergo some changes when the liquids are solidified and cooled to -180°C. 

I 

In the case of isoquinoline the broad lino 181 cm~^ appears to be split up intfo 
throe components at 76, 122 and 142 cm“^ respectively. The corresponding hnle 
160 cm“^ of a-fluoronaphtlialone appears to be split up into a doublet with th^ 
components at 104 and 163 cm Similarly, the line 132 cm“^ of a-chloronapli-' 
thalene splits up into tA\'o components at 56 and 140 ciu'”^ respectively. Such' 
splitting of the Raman lines was also observed in the case of fluorinated toluenes 
(Deb, 1962). The linos 181, 150 and 132cm~i given respectively by the three 
molecules may be assigned to the mode of B^,^ class having the frequency 176 cm“^ 
in the case of naphthalene (Scully and Whiffen I960). Also the lines 270 cm“^ 
of a-fluoronai)hthalene and 221 cm“^ of a-chloronaphthalene become too weak 
to be observed with solidification. This lino probably corresponds the lino 
285 cm"^ of naphthalene and is due to an out of plane vibration of the skeleton. 
The disappearance of the line as well as tlio splitting up of each of the lines 181, 
150 and 132 cm“^ due respectively to isoquiuoh’ne, a-fl.noi‘o-and a-chloro- 
naphthaleiio may indicate strong association of the molecules in the crystal as 
in the case of fluorotolueiies (Deb, 1962). 

There are some other changes in the spectra Avhich also corroborate the above 
views. The lines 523 and 1034 0111 “^ due to isoqilinoline shift to 517 and 1024 cm*^ 
respectively. Also the line 511 cm-^ due to a-chloronaphthaleno shifts to 523 
cni”^ and becomes very weak. This latter line may correspond to that of fre- 
quency 581 cm~^ belonging to Ay, class in the case of naphthalene and probably 
arises from an out of plane vibration of the skeleton. 

(c) Effect of solvent on infrared spectra 

It can be seen from Table IV that there are three strong infrared bands at 
about 1260, 1380 and 3060 cm~^ in the spectra due to isoquinoline, a-fluoro- and 
a-chloronaphthalene respectively. These may correspond to the modes of fre- 
quencies 1268, 1386 and 3056 em"^ belonging to B^y class in the case of naphtlia- 
lene. Similarly, the infra-red bands at about 942 and 790 given by the 
three compounds may correspond to the modes of frequencies 955 and 780 cm“^ 




Fig. 1 (a) Raman spectrum of isoquinolmc, liquid at 30"C (with Rhodamine 6 (IBN filter) 
(b) „ „ „ solid at -180^C 

Fig. 2 (a) „ of a-fiuronaphthalcne, liquid at 30T 

(b) „ „ solid at -1 SOT 
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hig. 3 (a) Raman spectrum of «-chloronaphthalene, solid al- 180'C 

(b) , „ „ liquid at 30T (with Rhodamine 6 CBN filter) 
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belonging to class in the case of naphthalene. There is also a strong band 
at about 1600 om-i in the spectra of the three compounds. This may correspdnd 
to the mode of frequency 1610 cm-i belonging to B,, class in the case'of naphtha- 
lene. llesidcs these, the strong infra-red band at 860, 870 and 814 orn-i given 
respectively by the three compoundH may correspond to the frequency 878 cm-^ 
belonging to B^u class in the case of naphthalene calculated by Scully and Whiffen 



0 8 10 12 14 16 18 28 30 32xl0a 

— > V in cm“i 

Fjg. 4. Infrorod spectrum of pure isoqumolme at 26'’C. 


The infra-red band G40 cm~^ due to isoquinobn© shifts to 630 om~^ when the 
substance is dissolved in either CHGl^ or CS^. This band may correspond to the 
mode Bgi, of naphthalene having the frequency 818 cni"^. In the case of other 
two compounds this band is absent which shows that the substitution in a-positioii 
changes the frequency of this mode which may be identified with No.- 8 of the 
B^u class given by Freeman and Koss (1960), It can be soon from Fig. 7 that 
the band 3060 cm~^ is split up into two bands at 2980 cni“^ and 3070 cm“^ 
respectively, the former being stronger. These changes indicate an interaction 
between the hydrogen atom of the molecule with the chlorine atom of the chloro- 
form molecule. In fact, the frequencies of many of the bands diminish a little 
when the compound is dissolved ui either CHClg and hexane. 

In discussing tjie results obtained in the Raman spectra of a-fluoro- and 
a-c||loronaphthalene it has been pointed out that the molecules of the former 
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l^'ig 9. Tafrarod Hpooii'uin of 6% solution of a'chloronaphthaleno la hoxw^f. 

Tliese clianges also oorroborate the conclusion that the liquid consists of 
monomoi'S and diinera and the latter are reduced in number in dilute solution. 
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LINEAR POLARIZATION OF 5.l2mc“ GAMMA RAYS 
RAYLEIGH SCATTERED FROM K-ELECTRONS 
IN MERCURY 

B. S. SOOD 

Physios Dbipabtmeint, Punjab ITnivebsity, Chandioahh-S 
{Beceived February 26, 1962) 

ABSTRACT. The liiioar polarization ol 5.12in(!2 gninma rays Kayloigh pcattored 
from K-oleotrona in rayroury liag boon evaluated by using the amplitudes ol' seatbering 
obtained from refined numerical and approxminti' form lactoiB calculations respectively. 
It is seen that the two calculatioha predict quite different percentage polarization at some 
Bcattormg angles. The contribution of Nuclear Thomson Scattering hua bconta ken into 
actiount. 


INTRODUCTION 


Rayleigh scattering was originally calculated for the gamma ray region by 
Franz (1935) using Fermi-Thomas electron distributions, and more recently by 
Bothe using Dirae funtdions for the Z-electrons. These calculations commonly 
known as form-factor calculations, assume some non-relativistio approximatiims 
and neglect the electron binding in the mtermeditato state of the scattering process. 
Later a formalism for calculating Rayleigh scattering of gamma rays by the 
IC-electrons in heavy atoms was developed (Brown, PeiorLs and Woodward, 1954). 
Refined numerical calculations for the scattering of gamma rays of energy 0.32mc‘^ 
(Brenner, Brown and Woodward 1954), 0.64mc2(Brown and Mayers, 1956), 1.28 
and 2.66mc‘^ (Brown and Mayers, 1957) by K-olectrons in mercury were done by 
using this formalism. Recently, these calculations have been extended to gamma 
rays of energy 6.12mc® (Cornilie and Chapdelaine, 1959). At low energies (0.32 
and 0.64mc^) the scattering cross sections calculated by the form factor method 
do not differ appreciably from those given by refined calculations, but at higher 
energies the refined calculations show smaller scattering cross sections than those 
calculated by the form factor method. Experimentally measured values of crose 
sections of Rayleigh Boattaring at various angles show somewhat better a^oement 
with the predictions of refined oalculationB, Unfortunately, considerably large 
errors ate associated with the experimental values because of the estimation of 
We corrections for the counter efficiency, the absorption of the incident and 
scattered radiation in the scatterer, the deteminatiofl of the sonree-soatterer 
and soatterer-deteotor solid angles and the contribution of incoherent soatteimg. 
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This makes the results rather ambiguous, especially when the difference between 
the predictions of the two theories is small. However, another important feature 
of the refined calculations which markedly differs from those of the form factor 
method has been suggested and successfully used by Sood (1958) to compare the 
two theories for .41lMev, .662 Mev and 1.26 Mev gamma rays. This is with 
respect to the predictions of the polarization of the elastically scattered gamma 
rays. The percentage polarization of 5.12mc^ gamma rays elastically scattered 
UIO.IJ mercury has been calculated m the following section. 


POLARIZATION OF RAYLEIGH SCATTERING 

It is much easier to analyse experimentally the scattered radiation in terms 
of linear than circular polarization, the results of Oornille et al. (1959) giving circula^*, 
polarization of the scattered radiation are modified to give linear polarization,, 
The circularly polarized radiation can be regarded to result from two equal plane\ 
polarized parts, polarized at right angle and differing in phase by 90°. If <X ( 1 
and < Y \ denote polarizations along unit vetdors parallel and perpendicular to ' 
the scattering plane respectively then the amplitude M[V' 1) for the scattering of 
a right handed incoming photon into a right handed outgoing photon can be 
expressed in terms of the linear polarization parallel and peri)endicular to the 
scattering plane as J <X -I iY\X-\-iY>. Similarly M (2' 2), ilf (1' 2) and M{2' 1) can 
bo written as I <X-iY \ X~iY>, ^,<X-\-iY\ X-iY^ and J <X-iY\ X-^iY> 
It is now easy to show that the amplitudes <X | X> and < Y \ Y> of the linear 
polarization with the electric vector parallel and perpendicular to the scsattering 
plane are equal to 


<X\X> = [31{r l)+if(2' 2)]+[Jlf(r 2)+ilf(2' 1)] 

<r| 7> - [M{r l) 4 -Jf( 2 ’ 2 )]-[ilf(r 2)+Jf(2’ 1)] 

The percentage linear polarization defined as - is equal to 


\<Y\Y>\^-\<X\X>\^ 

‘l<ryr> y^-\-\<x\x>\^ 

whei’e Ji and are the intensities of linear polarization with"'eloctric vector per- 
pendicular and parallel to the scattering plane respectively. The percentage 
polarization at various scattering angles has been evaluated using the values of 
{M{V 2)] and [M{V I)J as given by Cornile et al. The results 

are shown in Tig. 1 . Curve A which gives the percentage polarization using re- 
fined numerical calculations is to be compared with curve C which is calculated 
from the form factor data. It is seen that the two calculations give quite different 
variation of polarization with scattering angle. Therefore, the measurement of 
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polamatdou rather than the differential scattering cross section will 
sensitive and better check of the existing calculations of Rayleigh 


pr(jvide more 
sratitoring. 



Soattcring angle — ► 

]'’ig. l!i X^inenr polarizution of 5,12mq2 ganimn rays olaBiically scattered from mercury at 
variouH hcationng angles. (lurvo A. Rayleigh Bcattoring from refined numerical 
calculations Curve 13. Nuclear Thomson and Riiyloigli from refined calculations, 
Curve C. Rayleigh from form -factor calculations, 


The contributions of Nuclear Thomson and Delbriick scattering which cannot 
be energetically distinguished from liiiyleigh scattering has to be taken into ac- 
count. Thomson scattering is knoum to interfere constructively with Rayleigh 
scattering, (see, for example, Sood, iy62). The theory of Thomson scattering 
is well-known and fully established; the amplitudes of scattering from mercury , 
atom in the plane of scattering and perpendicular to it are 0.01237 cos 0 and 
0,01237 in units of Tq, the classical electron radius, ro^ipoctively. Curve B shows 
the percentage polarization when Th.omson scattering is also taken into account 
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along with the refined calculntionB. The fonn factor predictions of pplwlzstiop 
remain unaffected due to the contribution of Thomson component since both the 
fom factor Rayleigh and Thomson scattering have the same percentage polari- 
zation given by j ^ scattering. 

The contribution of Delbruck scattering has not been considered since at 
present very little is known about the Delbruck amplitudes at large angles. It 
may, however, be possible to derive some useful information about Delbriiok 
scattering and its interference with Rayleigh-Thomson component, from the 
measimements of the polarization of elastic scattering at different angles and its 
comparison with the curve B. 

I 
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ELECTRON CAPTURE BY ALPHA-PARTICLE 
PASSING THROUGH HELIUM ATOM 

S. 0. MUKHEBJEE akd N. C. SIL 
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JaDAVPUR, CALCUTa’A-32. 

[liauivcd Septemhtr 11, 1<J62) 

AMS-mACT. n'ho oxp.-o«„,on« for <ho «„glr a«d doublo rlortron copWro by a.parirolo 
pASmng through normal hohun. at„.„« have bo..n der.yod by apply , „r a va.,a,.o,.al o.Hbad. 

Single eloclToii ehatge excluinge phenomenon huR been extouBively studied 
both theoretically and oxpcrhnontally by sevcial authors (for rclerences vide 
review article by Bates and McCarroll (1962). Becently Fogel, Krupnik and 
Cafianov (1955) have observed cxijeimientally the (>.ross section of capture of two 
electrons m the rearrangement collision : H+-f Bosentsveig and 

Gerasimenko (l9o5) have studied Iheoi etically the reaction 
for very small incident ion energy using perturbed stationaiy states method. 
Gerasimenko and Bosentsveig (1957) have calculated the cioss section for the 
capture of two electrons by a fast a-particlc colliding with a helium atom in its 
ground states by using sinipliv Born approximation method. For high energy 
region Alison (1958) experimentally measured tlic cross section foi' the capture 
of two electrons by a-partiolos passing through helium atom. 

In this paper Ave have derived expressions for the cross section of single and 
double electron capture by a-particles passing through horimil lielium atoms. We 
have used a simple variational treatment and we Jiavo restiicted our theory to 
low energy of the incident jion. However, the extension of this method to high 
energy of the incident ion is also under progress. 

We consider the capture of elocti'ons (1 and 2) by the alpha particle A from 
the ground state of the helium atom. Ji. Wc assume that A and JS move Muth 

— > ^ ^ 

velocities Jn and — respectively. Let R be the position vector of B 

relative to A and ra^, ran] rUu ri. are the position vectors of electrons 1 and 2 
from A and B. Initially at / = — oo w'o have the two electrons attached to the 
nucleus B in its ground state. 
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The tiniB rate of change of the electron state wave function is given by the 
time dependent Schrodinger equation. 

... ( 1 ) 


This equation may be obtained by making stationary the following vaiiaiional 
integral / 


/=- I {iHilr-’ + ~ iUxlr | dv^dv^dt ... (2) 


with respect to small arbitrary variations of ijr and V'. The Hamiltonian H, 
corresponding to the motion of the eloctron.s in the Coulomb field of two nuclei 
is taken 

^-1 A 2- ^ A 2- 

2m ^ 2m ^ Tctt rh^ rb-^ rj„ 


I 

\ 

0 ) 


(neglecting the nucleus-nucleus interaction). 

For a suitable approximation to i/r, we choose a trial wave function ?/rj^ which 
is a linear combination of the two ground state wave funclions t)f helimii atom 
around the two nuclei and a system of two ionised helium atoms. 


Thus ^ ^ ... (4), 

the coefidcients being left free as function of time. 

Performing the space integration, we may write 

J = SLdt ... (5) 


where L = (E+gMA+ (f4^b+ + |^ )^B+ (e(B)f^c+Ehc+h)^0 


+ (BLn+ + ^)sA+{B+g,)BB+ J {e{S)ho+BfBc+h)BC- 


l{mf^o+BfAc+h)CA+ I {c(B)f^+Ef^o+h)OB+c[R)CC 
+ 2 iHlA+ABf^e+ICf^a+BAf^B+SB+BOfsa+OAf^o+^'BfBo+OI^ 
- i in{Ai+ASfj^B+Ad'f^o+BiLB+BS+Bdfao+cif^o+oifBo+OC} 
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where 


- Sab* i^AX = fAC . Jte = /jBO. I ( ^ j 91 

( r«. + rj; ) ( vl: + rl; 

f ( ri- + i I ( 7!-, + i ) = 'i' 

We have no{/lected the terms which tend to zero with velocity v and as such our 
calculation is valid only for low velocity. 

Finally from the variational prim*ij)lc, by making I stationary with respect 
to small arbitrary variations of A and B, we get the following three equations: 

(«,i-«ia)(^-.S)-|-tt(l-/xa) -g M--B) = 0 (6) 

a,,D+e(R)G-\-iyiS^ct^+ihC = 0 (R) 

where D = »n -■ E-\-gi, a^a = Ff^jj-\- 

^13 ^ ^'(■R)/4C+'%o+y 

From the above thicc equations, we get the valiie« of A, B and 0 where | I ® 
indicates the double electron capture probability and | (7^=* 1 ^ indicates the single 
electron capture pjHibability. 

Neglecting the influence of G in the equation (7) w'e can write equation (7) 
for sufficiently good approximation as 

where 2/^ = an+Oia 

which can be easily solved. 
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Substituting the values of D and D from equation (9) to equation (8), we get 


... ,10, 

Applying the initial condition i.e. at < =:?=— oo, A = 1, J5 = 0, (7 == 0 we finally 
get 

... ( 11 ) 

CD IS 

and 4|.B,_.p4expl| .5ii^^*-oxp^ J ... (12) \ 

which on further simplification gives 

+* 

■ 1.812 = Bin4 f (13) 

For the present, to make the calculation simpler, wo calculate the values of tha 
coefficient by using ordinary Hjdloraas type of He-atom v'av^o functions for 
jj,nd and London -lleitlor type of hydrogen molecular wave function fof x> 

i.e. e(r^i +ra 2 )(ps = - e ; A = ^ 

TT IT 16 


and X 


[e - 2(?-ai + rt, ) _j_ g — 2(ra, +rb,)] 


; N = v2(iV«-“n+2ff+.fB2)] 


From the equation (13), expression for double capim-c, we can expect reso- 
nance structure with changes of energy which is under computation. The details 
of calculation will be published soon. 
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ULTRASONIC VELOCITY IN LIQUID BINARY MIXTURES 

M. V. KATILGUD* 

Depahtmiunt op Chemistry, TTniverbity op Poona 
{Ueceived Ju7ic 16, 1961, Remthmitted Novvmher 18, 1961) 

ABSTRACT. Moasuroments of ultrasonic voloojty and dtinsit 5 '^ at cliffei'ont con* 
eentrations have been I’oportod at 1.9 Me for tlio following systemR. oarbontetrachlorido* 
benzene, chloroform-n-heptone, othylenedicliloride-bonzono imd ethylenodichlorido'ii'hOpiane. 

Tho author’s earlier treatment (Kaulgud, 1960) for explaining the velocity deviations 
in binary mixtures has been extended to the following six mixtures, carbontetrachloride- 
benzeno, heptane-benzene, chloroform-benzene, and ethyloiio-dichloride-benzene. The nature 
of the velocity-concentration curves is in aoeordanoo with the obaervaiionH mado earlier, viz., 
when the intermolecular free length m solution is groaior than the ideal value (ralcidatod) 
then the velocity-concentitttion curves are concave upwards and vico-veisH. The agreement 
botwmm the observed and calculat.ed velocities is good. The velocity doviaiioiis for a given 
siibstiincG in heptane solution are more than in the honzeno .solution. The systeiu carbon- 
ietraolJorido-n-heptano la an exception. 


TNTRODITCTTON 


In the previous paper (Kaulgud I960) the author had made use of the relation 
of Jacobson (1952) viz. 

ULfp^^ = K (constant) (1) 

in oi-dei- to calculate the velocity in binary mixtures. Here V is ullrasonio volo- 
city in m/sec., p = density in gm/cc and L, is the intermolecular free length in 

k defined as : 


The available volume is the molar volume at room 


2 X available _ vojumo 2 
surface ^ 

temperature less the molar volume at absolute zero, the latter heing estimated 

\ . , jr ^ V n^TlT)^'^ (T. - critical temperature), 

by the Sugdens equation . Fo -- Kj.(i 1 c WnWfnbc 

The efface area of the molecules is estimated by assuuung the molecul s toJ,c 

spherical and calculating the radius from the volume at 

XrrOT). Equation (1) has been found to hold in the case of many hqu^ds 

(Jacobson loc, cit.). In order to calculate the velodty m bma^ m^«^he 

definition of the free lengths in the case of pure liquids could be extended 
binary mixtures thus ^ ^ 

at the Institute of Teohnical Acoustics, TU Berlin 
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2 X avail able vol ume 
surface 


1 _ / «1^0i 

Mr 


- - ( 
Pmix ' 


+ 


Jf, 


■)] 


“il'i + 

-MT + 


... ( 2 ) 


if. 


where is the experimeiilally measured density and 6)^, cog; Vq^; and 
M 2 are respectively the weight fractions, volume at absolute zero and the mole- 
cular weights of the component 1 and 2. It was shown (Kaulgud loc. cit.) that 

in the expression (2) if we jjut for Ijptnix its ideal value ( = and make 

use of the relation Lj = 27^/ Y for both the components 1 and 2, it could be written 


^nix- ideal — ^1’ 



Wj Fi I coijFg 


(3) 




+-]&r 


or as LiSi+L^S^ if wc define — etc. 

coj Fj/Ju 'j- 


as the surface fraction of the component ‘1’ etc.. It was established in the 
previous paper (Kaulgud loc. cit.) by calculations done on ten binary systems of 
polar-polar, polar-nonpolar and nonpolar-noiipolar type, that if given by exp. 

(2) is greater than iv/t.//i(cxp. 3) then the velocity-(H)nccntration curves are 
concave upwards {-ve deviation) and vice versa. The object of the present paper 
is to extend these calculations to the follovdiig six binary mixtures in order to 
confirm the earlier findings. In the brackets are given the source of velocity and 
density data : 

(1) Benzene- Carbontctrachloride (This work; Tuomikoski and Nurmi 1940) 

(2) Benzene-Heptane (Tuomikoski and Nurmi, 1940) 

(3) Benzene- Chloroform (Gabrielli and Poiaimi, 1951) 

(4) Carbontctrachloride- Chloroform (Gabrielli and Poianni, 1951) 

(6) Benzene-Methylene chloride (Tuomikoski and Nurmi, 1940) 

(6) Benzcne-Ethylenedi chloride (This work). 

The method of calculations indicated already (Kaulgud loc. cit.) is briefly 
as follows ; The values of K in oq. (1) have been given by- Jacobson (1952). 
(j5r = 618 at 20°, 625 at 25°, 631 at 30° and so on). In the api)lication of the 
relation : 


i/= 


2(fi'ZLro)_ 


(4) 


to a pair of liquids, the value of (Fy — Vq) is assumed to be known sufficiently accu- 
rately and the small difference in Zy value demanded by eqn. (1) and that given 
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by eqn. (4) is attvibuted to nonspherioal nature of tb,e nioleinilos so that the actual 
surface area Y’ = F is a form factor. This modified Y' 

value gives a free length value which satisfies relation (1) exactly. Values of J?* 
have been found to lie between 0.9 and 1.09 in the extreme cases. For the solu- 
tionSj is calculated from eq. (2) by using the experimentally measured density 
Pmiai> and is used to calculate the velocity from relation (1). This velocity value 
IS compared with the experimentally measured value. Values of ^^eai are 
also calculated from relation (3) and compared with The results of the 

calculations are given below. 

EXPKR I MKNT AL 

The measurements ol velocity in systems (1 ) and (6) wore made in this labora- 
tory by the author at L9Mc frequency by using the Hicdeniann’s method. The 
standing wave pattei'ii was obtained by oscillating the quai'tz crystal kept outside 
the cell, and the wavelength directly moahurod by a microinetei’ microscope. 
The frequency was niejisuied by a heterodyne beat method. The tompejaburo 
was controllcsd by enclosing the cell in a double walled rectangular jacket having 
transparent windows, through which water thermostated at 25*^ was circulated. 
All the liquids were 2mrified by standard methods given in Woissborger’s book on 
Organic Solvents. The velocities values arc accui’ate to 1 .5in /sec. The den- 
sities were measured by a ca. fie v.. Lypkin’s jiycnometer. In addition to the two 
systems 1 and 6, measurements were also made for the system ethylenedichloride- 
w-heptane (at 25°) and ohloroforin-a-heptanc (at 20") for the sake of comparison 
of tho data with the corresponding system in benzene solution. 

RESULTS AND DISCUSSION 

The results of ilie above calculations have boon represented graphically. 
The results of the calculations done on the systems ethylcne-dichloride-?7.-hoptane, 
and chloroform- H -heptane published already in graphical form (Kaulgud loc. 
cit.), have been given in tabular form (Tables 1 and 2 respectively) in this paper 
to bring out certain points to bo discussed shortly. 

It can bo seen that in all the cases Leapt > hence as expected the 

velocity cm'ves arc concave upwards (negative deviations). This confirms the 
conclusions drawn in tho previous paper that in binary mixtures tho velocity is 
governed bj’’ tho intermolecular free lengths. This is true of non-polai : non-polar 
and non-polar : polar systems as well. Another feature which emerges from the 
free length deviation for the same substance dissolved in benzene and heptane, is 
that it is less in tho former than in the latter. The velocity deviations are corres- 
pondingly less and more respectively. A comparison of the free length and velo- 
city deviations at any specified concentration can be done to show the above 
fact clearly. 
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Fig. 1. O — O Exporimentnl volooity. 
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Fig. 3. •— •^L^^deal free lengths 



Fig. 4. X — X Exporimontal free lengths 
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TABLE I 

System : Ethylenedichloride-n-heptano 
(Temp. 25“C) 

Fg' = 68.98 Xl08sq.cm./mole. 95.2] xlO® sq.cm/mole. 

Fg = — 64.86 X 10® sq.cm. /mole. 


Fj = (367r^FV)'^®== 96.96x10® sq.cm./mole 


Mole fraction 
of ethyleno 
di-chlorido 

DojiHity 
gin /cc. 

UfibS 

m/s 

U«ilc 
iu/b 
eq. 1 

k 

eq, 2 

A 

oq. 3 

Ss 

0.000 

0.G793 

1136 

1136 

0 6680 

0.6680 

0.000 

0.060Q3 

0.0986 

1126 

1122 

0.6664 

0 6.581 

0.04911 

0.1262 

0.7174 

1126 

1111 

0 6642 

0.6489 

0.09479 

0 2457 

0.7691 

nil 

1107 

0.6483 

0.6296 

0.1908 

0.3902 

0.8220 

1106 

1106 

0.02.36 

0.6027 

0.3248 

0 5430 

0.8927 

1108 

1108 

0.5074 

0.67.50 

0.4626 

0.6991 

0 9870 

1123 

1117 

0.5633 

0,5418 

0.6273 

0.8474 

1.099 

1162 

1161 

0.6181 

0.607 

0.8007 

1.000 

1.247 

1199 

1199 

0.4669 

0.4669 

1.000 

This work 


TABLE n 

System : Chloroform-?i-heptane 
(Temp. 20"C) 

F'jj = 66.76 X 10® sq.cm/mole. Y\ == 96.01 X 10® sq.cm/mole. 

Fg = (367riVFo2T® = 64.86 XlO®sq.cm. /mole 


== 96.96 X 10® sq.cm./mole. 


mole fraction. 

Density 

Uofta 



^ideaJ' 

Sa 

of chloroform 

gm/cc. 

ni/sft 

in/s 

A 

A 





eq. 1 

eq. 2 

eq. 3 


0.000 

0.6833 

1168 

1158 

0.6469 

0.6469 

0.000 

0.1811 

0.7607 

nil 

1103 

0.640 

0.6272 

0.1332 

0.4035 

0.8943 

1067 

1049 

0.6230 

0.6011 

0.320 

0.6869 

1.029 

1027 

1034 

0.5892 

0.B766 

0.4967 

0,7944 

1.226 

1006 

1012 

0.6617 

0.6439 

0.7286 

0.0132 

1.368 

1002 

1006 

0.6267 

0,6227 

0.8800 

1.000 

1 489 

1001 

1001 

0.5069 

0.6069 

1.000 

This work 
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Although equations (3) and (1) demawd that the velocity and free lengths 
be linear functions of surface fraction, the deviations in Table III below have been 
reckoned on the basis of mole fraction, carefully noting cases in which due to a 
large difference in Tj and Y^, (and hence in mole fraction and surface fraction) 
the deviations on the two scales differ very much. All the deviations in 
Table III are at 0.5 mole fraction. 

TABLE III 

Deviations of free length and velocity in binary mixtures. Temp. 26° 



System 

-AU 

jn/s 

k 

Rel. 

(1) 

CaU4Cl2(l:2)-CuH„ 

22 

0 01) 

;l 

(2) 

Oall4t!l2(l:2)— n-C7Hio 

((0 

0.02J 

This work 1 

(3) 

CHaCla— CoHfl 

10 

0.009 

'J’uoiniltoski and \ 

(4; 

CH 2 CI 2 — C 7 II 10 

27 

0.026 

Nurmi, 1940. \ 

(5) 

C HCls — 

40 

0.007 

Gabriolli and 

Poiaiuu, 1961. 

(«) 

CHClji— 71— ' 07 Fr|.fl 

40 

(r>2) 

0.022* 

This work 

(7) 

CHgOOCH;,— CflUo 

(4-12) 

(—0.003) 

Tuoniikoski and 

Nurmi, 1940 

(8) 

CHaCOCHa— C7H10 

36 

0.03 

„ 

(9) 

CCl4— CoHe 

46 

0,004 

This work, 
Tuomikoski^ajid 

(10) 

CCl^i — '07 Ulo 

37 

(38) 

0.01 

Nui-mi, 1940. 




*20'’C 



As can be seen from the table, the free length and the corresponding velocity 
deviations are more in heptane solution than in benzene solution. In the system 
ohloroform-n-heptane**, the velocity when plotted versus surface fraction shows 
a deviation of 62m /s as against 40m/8 when reckoned on mole fraction basis. 
This can be verified by plotting the data in Table II. The velocity data for the 
system ethylenedichloride-w-heptane when plotted in the same manner, does not 
show any such variation in the value of AU, because of the peculiar nature of velo- 
city concentration curve. In the system acetone-benzene we get a small positive 
velocity deviation instead of negative as in others. Tliis appears to be duo to a 
small contraction of volume after mixing, resulting from a weak interaction between 
benzene and acetone through the hydrogen bonding tendency of oxygen atom. 
Consequently the free length it slightly decreased giving a slightly positive velocity 
deviation. The system heptane-carbontetrachloride is an exception, This was 

** The effect of temp, on AU will bo very small and hence it is neglected in comparing 
ul^OHCTa— Air— Heptonh kt W with ATI of ’ 
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thought to be due to the impuj-e sample of heptane (petroleum fraction) used by 
Tuomikoski and Nurmi (1940) in their moaBurements, Repetition of the velocity 
measurements in this laboratory using pui’e-Ti-heptane shows a velocity deviation 
of only 38 m/s at 0>5 mole fraction. There is also not much difference between 
mole fraction and surface^ fraction in this case. Therefore the rule of greater velo- 
city deviation in system having a larger difference appears to break 

down in this case. 


CONCLUSION 

The earlier finding that the velocity deviations arc governed by the non- 
ideality in free length is confirmed. It is found that more the difference (I»«rjjtJ‘ 
—L^eai) the greater' is the velocity deviation. The system heptane-carbon-tetra- 
chlorido appears to be an exception to this general rule of gi eater velocity devia- 
tion for larger free lengths difference. 
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SOME PECULIARITIES IN CURRENT CONDUCTION 
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ABSTRACT, The cuirent. jjueaiiig through an, oloetrolyto et a given voltage has heejn 
found to change conbidoiobly or' making the electrolyte flow. For salts the curreri^ 
decrottsee on flow, whereas for acids and alkalis the current incroaBcs on flow except ol)| 
very low concentrations. The magnitude of thiji change depends slrongly on the geometry 1 
of the oloctrodes. For most electrolytes the maximum ehanjje of current on streaming i 
is observed at a concenti'ation just above .OOOIN. Electrolytes show a dyssymmetry of 
current conduction which is found to be Imlced up with tho abeve behaviour. As an 
explanation it is suggested that an ‘electrolysis layer’ builds up on an electrode during 
olcotrolysia which in effect oithor increases or decreases tho cffeetive area of tho olectrodo 
depending on whether this layer is conducting or non-conducting. Streaming of the 
electrolyte merely removes this layer and gives rise to the observed change of current 
on flow. 


EXPERIMENTAL 

The electrical conductivity]! of 'an electrolyte has been found to depend 
on whether it is flowing or stationary and under certain conditions a large 
difference between these two values which may be as high as one hundred per- 
cent or even more has been observed and reported (Palit, 1062). The behaviour 
appears to be rather unexpected and some preliminary results are presented 
here. 

The arrangements shown in Fig. 1 have been utilised for these experiments. 
The electrodes are platinum wires 0.5-5 mm in length with inter-electrode sepa- 
ration of 2 to 10 mm; those dimensions are neither optimum nor critical. The 
tubes a and h serve for inlet and outlet of the electrolyte, though actually the 
flow may be in any direction provided it sweeps past the vicinity of the electrodes. 
To minimise disturbances due to gas evaluation, heating effect, etc., the current 
has been kept quite low, usually below one milliampere, sometimes at a value as 
low as a few microamperes. The observations are however essentially similar 
at all amperage, provided that the current is low enough. 
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RESULTS 

Current-voltage {D.G.) curves — It has been observed that tlie applied voltage 
remaining constant, the current changes if the electrolyte is made to flow past the 
electrodes, The current generally attains a limiting value with increasing rate of 
flow of the electrolyte, and this limiting current strength being attained it does 
not change any more by any further increase of flow of the electrolyte. Further, 
when the electrolyte is streaming with sufficient speed, the current is usually 
quite steady and reproducible, whereas under the usual stationary conditions the 
current beyond the decomposition potential is somewhat non-stoady and erratic, 
and is often quite slow to reach the final value unless current density, voltage 
and other conditions are properly adjusted. Consequently, by making the electro- 
lyte flow a totally different but, on the other hand, quite reproducible current- 
voltage curve is obtained. Since these results are quite reproducible we call 
these curves the ‘true’ current-voltage curve (i—F curve). 




Fig. 


ELECT ROLYTE-J 

1 , OellB for eleotrolyBis of flowing electrolytes. 


NormaUy the current decrease on making the electrolyte flow. This is true 
for almost aU salts at ordinary couoontrations and acids and alkaUos at very low 
concentrations. Acids and alkalies, however, show the reverse behaviont (i.e. 
the current increase on making the electrolyte flow) at ordinary conoon ra wn 
(i.e. from about N/1000 upwards). A typical current voltage ouiwe with ... 
.lainf, 6 X 10-*N KOI as the clecto-olyle and an apparatus as shown in ig. 
shoii in Fig. 2. It would be observed from Fig. 2 that beyond the dooomposi- 
STpoLti!. the I>.0. cn^ent voltage curve (i-V cu^e) for P— " 
(6 x 10-*N) under flowing condition runs much below the usual »-V 
£ IS shape is mo!e or le. the same. It should he 
‘W i-V curve tends to be linear from somewhat beyond the ^ 

position potential. In Fig. 3 is shown the hnem- portion ot tl^e 
L various concentrations of a few electrolytes wherem it would be observed h 
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the extrapolated potential is almost independent of concentration. All these 
lines in Fig. 3 extrapolate to 2.8-3 volts. This value however may change with 
the geometry of the cell and other imposed conditions. The matter is receiving 
further study. 

Relative change of current on dreaming — To avoid circumlocution, wo shall 
call the electric current, when the electrolyte is stationary, the ‘non-flow’ cutreiit 
or ‘normal’ current and denote it by i' ; and we shall call the corresponding steady 



Volts 

Fig. 2. Current — ^voltage curve of N/2000 KCl sotation 


electric current when the electrolyte is made to flow past the electrodes at suffi- 
cient speed, the ‘flow’ current and denote it by i. At a given voltage, R^, the 

j ... V 

R^— -j- j 


may be quite high, even exceeding one hundred per cent, under suitable 
conditions. Of the various factors which have influence on At ,the most impor- 
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taut ones appear to be (i) tbe applied voltage, (ii) th,e size and shape of the elect 
trodes and their disposition, and (iii) the nature and oonoentraiion of the electro- 
lyte. 

Of these tliree factors the voltage needs only be a little beyond the decomposi- 
tion potential to produce a fairly well-defined ‘ R^ value and this changes only 
slightly with increasing voltage. All values m this paper are in this voltage 
range. At voltages in the non-linoar portion of the i-V curve (i.o. near the bend 



TNrr 3 Linear portion of J-F ourvo of flowing oleetrolytoB [curve 0 -.-wateriiBed 
for 1 & 2 ■ 1 & 2 ; — »»d 5 X NH 2 SO 4 ; 3, 4 & 5 2 X 

l03Na nd 2 xlO-aN CHaCOONa ; fi & 7:-6xlO-^N & 10"^ 

NaOH, 8, 9 & 10 lO-^N, 2X10-3N and 5x 10-iN Bads (for 8 and 
10, mnltiply ordmato by 0.2 and for 9 by 0.02)J, 

and belo^vl the R value is somewhat erratic and is quite sensitive to voltage change; 
"th £:ia!teg ;oltage. i approaches . and exceeds . at sumcieutly low voltage, 
presumably due to elimination of polarization. 
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As regards geometry of the cell, for maximum effect the electrodes should 
be fairly close but not too close to each other, and they should be well m the hne 
of flow of the electrolyte, The determination of the ‘flow’ current does not normally 
pose any problem, but the normal current, i' may sometimes take some time to 
reach its final value, and unfortunately is a little erratic. This time lag and erratic 
nature can bo very much reduced by chosing the right dimension, etc,, of the oleoi 
trodes as also by working in the right voltage range, The electrodes may be wires 
or foils of platinum or any other unattackablo material including graphite or 
carbon. 

As regards nature and concentration of the salt it has been ah'eady pointed 
out that Ei is negative for salts (i.e, current decreases on flow), but is positive for 
acids and bases except at very low (concentrations (cca. N/1000 and below), The 
variation of with concentration of an electrolyte at a given voltage using tlie 
same cell appears to be qualitatively similar for all electrolytes. The Ei versus 
concentration plot shows a steep peak in the 10“^ to JO-^N range and from then 
on continuously falls downwards with concentration. For salts this curve generally 
remains in the negative region of E^ and tends to meet the concentration axis 
with increase in coniientration. Two typical curves for salts (KCl and MgS 04 ) 
are shown in Fig. 4 to illustrate this behaviour. The shape of Fig. 4 is of course 
voltage -dependent as mentioned in the previous para and may bo materially 
changed at low voltage. 



Cone. (NX 10-4) 

Fig, 4. Relative change of cumint on making at (4octroJyte flow vt'reiis oomumiration 
for KOI and MgKS 04 (V = 12 volts). 

Acids (and also bases) as already mentioned may show positive value of Ei 
and so the Ei versus c plot easily extends right up to the positive Ei region. This 
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is shown in Fig. 6 for sulphuric acid. It shows a steeper peak at a somewhat 
lower concentration' in comparison with the aforementioned electrolytes; but at 
higher conoentration it shows just the opposite behaviour, the ‘flow’ current being 
higher than the ‘stationary’ current. Furthermore, this positive behaviour 
(i.e. positive values) persists over quite a long range, whereas for many 
neutral salts Ri tends to zei'o with mci’easing concentration of the salt. Hydro- 
chloric acid and caustic soda behave like sulphuric acid except that they have a 
stronger tendency towards positive Ri values (Fig. 5). 

As to apportioning the individual share of each electrode to tlie observed 
Ai which is the net effect of the two electrodes, this has been experimentally 



Cone. (NX 10-4) , ^ 

,1. .. », »«..».«» 1..0H .-1 »a (« —I- 

b... .b. ? “CL. 

the cathode may be opposite to that of tbo onoae, tiow a 
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generally found to give negative AC, i.e. the current decreases on electrolyte flow. 
The flow at anode may produce positive as well as negative Ai depending on the 
electrolyte and its concentration ; positive Ai has been observed at sufficiently 
high concentration of those electrolytes which show an overallj positive Ai. A 
detailed investigation of this aspect is in progress. Evidently, any theory must 
take cognizance of these facts. 

A.C. Current — This peculiar behaviour is shown not only by D.C. but also 
by A.C. It is, however, easier to study it with D.C. than with A.C. as this is easily 
observed with D.C. at quite a low voltage just beyond the decomposition poten- 
tial in the milliampere or the microampere range, where complications due to 
heating effect of the current are negligible. With A.C. such behaviour is ob- 
servable at a higher voltage and the magnitude of Ai under otherwise identical 
conditions is much smaller. Hov^ever, it is useful to study this behaviour with 
A.C. because of the remarkable fact that the current voltage curve is linear and 
passes through the origin (Palit, 1962). The passage of current being ohmic 
it becomes rather easy to determine the resistance of an electrolyte by this method. 
Evidently, this technique would be easier than the existing methods for. deter- 
mining the conductivity of very weakly conducting solutions, and particularly 
in non-aqueous media. 


DISCUSSION 

Mechanism — Any suggested explanation for tJie above behaviour lyis to 
account for the large magnitude of Ai, its negative character for salts and positive 
character for acids and bases, and the peculiar concentration dependence of Ai 
or Ri, The large magnitude of Ai discounts any explanation based on polarisa- 
tion. It appears that the observed behaviour is primardy due to the formation 
of a layer or region on and near the electrodes due to migration of ions on elec- 
trolysis, this layer strongly influencing the conduction of curi’ent. For salts, 
either or both these layers are layers of much higher conductivity whose net 
effect is an increase of the effective area of the electrodes, or decrease in effective 
distance between the two electrodes. On making the electrolyte flow this layer 
is swept off which causes the current to decrease. For acids and bases at least 
one of the two layers is a less conducting layer whose net effect is a decrease of the 
effective area of the electrodes. On making the electrolyte flow these very poorly 
conducting layers get swept off with consequent increase of current. 

The formation of some kind layer near the electrodes can be demonstrated 
by a number of simple experiments. For example, the simple device of mecha- 
nically disturbing the regions quite close to the electrodes shows conclusively 
the existence of a sensitive region near each electrode. The following simple 
experiment is also highly instructive. Two platinum wires are placed horizonally 
one above the other separated by a few millimeters, and a small D.O. current 
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(of the order of one milliampere or so) is passed through them using a flow-sen- 
sitive electrolyte (say, 3x10-4^ KCl) at a voltage of about 8 volts or higher. 
It is observed that the current depends considerably (Ui which of the eleid,rodes 
is the cathode and the anode respectively. Surprisingly, the cuiTent is much 
less when the lower electrode is made the , cathode, other conditions remaining 
the same. The explanation is that when the lower one is the cathode, the evolved 
bubbles of hydrogen gas as they rise up stir up the vicinity of the anode and 
interferes with the formation of the ‘active’ layer by mechanical agitation and may 
bo also by some kind of chemical action. When tlie lower electrode is the anode, 
the disturbance at the anode is much smaller, and the oatliotlo is also less disturbed 
because of the much less volume of the uprising gas from the anode. Such dys- 
symmetry of current due to difference in mechanical disturbance due to gas evo- 
lution is almost the rule in electrolysis beyond the decomposition potential, and 
appears to have received little careful study. 

It is difficult to make any surmise about the species present in those layers 
near the electrodes which are responsible for the change of current on making 
the eleotrolyl.e flow past the electrodes (for brevity, we shall call these layers 
electrolysis-layers). The obvious suggestion would be that these electrolysis- 
layers are merely ‘concentration’-layers or ‘depletion-layers due to ionic migration. 
This however cannot be the true explanation because in tliat event ‘conductivity* 
water should show no such decrease on streaming whereas actually it does so 
fairly well. Further, with dilute sulphuric acid as the electrolyte the electrolysis- 
layer near the cathode will bo a depletion layer and so should show an increase of 
current with streaming (i.e. positive Ai,) whereas tlie observed cathodic behaviour 
is just the reverse. 

It is hence tentatively suggested that a build-up of free radicals takes place 
in the electrolysis-layers, and these radicals being highly conducting like metals 
increases the effective area of the electrodes and so show the usual behaviour of 
decrease of current on flow of the electrolyte. The positive behaviour (i.e. 
increase of current on streaming) for acids and bases is probably due to the for- 
mation on the anode of a thin layer of non-conducting gas, usually oxygen, along 
with the free radicals. 

That something of high electrical conductivity is being continuously formed 
on the electrodes during electrolysis is convincingly demonstrated by the fol- 
lowing experiment. A small third electrode is placed very near a large cathode 
(or an anode) in a flow-sensitive electrolyte and a small D.C. current is sent for a 
few seconds so that gas bubbles are coming out freely. If the D.C. current is 
stopped and a small voltage is applied between the cathode (or the anode as the 
case may be) and the small third electrode it is observed that the current is vei’y 
much higher than the normal value before the electrolysis and it rapidly decreases 
with time to reach the original value. This happens at a cathode even with 



594 


Sand R. Palit 


dilute sulphuric acid as the electrolyte and at the atiode with distilled water 
or dilute caustic soda as the electrolyte. Since no conducting ionic species are 
formed near the cathode in the above experiment, the reasonable conclusion 
appears to be that a layer of free radicals is formed in the electrolysis layer which 
is a good conductor of electricity. 4^^ alternative explanation based on the for- 
mation of a highly conducting layers of water (flgO ' and H3O+) near the cathode 
and anode respectively is also possible. The true explanation howeVer remains 
an open question. Further work is in progress. 

ACKNOWbEDOMENT 

Thanks are due to Dr. K. S. G. Doss for helpful discussions. 

REFERENCE 

Palit, S. R., 1902, Indian J, Phys,, 86, 55. 
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ABSTRACT. Using Uiu charaGtenaiic nuoloai don''ifcy ilisti)bution obtained by 
Gatha, Sliah and Patol (1954) foi* light oloinents, an expi-ossion lor tho total uross-HOotionB has 
boon derived Tlio paratuebirH of ilio complex lefraotivo index have been dotoiimned liom 
Jastrow’a Hard Coi-o nucleon model and, the acattormg cross-sec tioufl for {n,») luid (»),p) scatter- 
ing respectively Using those parameters theoretical values of total cross-soclions have boon 
calculated for all tho light olei neats for tho enorgios ranging botwoen 200 Mov to 1400 Mev, 
'J’heso valuos of aro thon compared with the experiinontal values of at t)ie conospondmg 
energies. A reasonably good agroomont is obtained between tho thoorotical and the experi- 
mental total crosS'sectioiiB. 


1 N T B 0 B U C. T 1 0 N 


TUe optical model of the nucleus was first introduced liy rernbiich, Surber 
iind Taylor (1949) . In this model a nucleus is reganlod as a distribution of nuclciii' 
matter, characterised by a complex refractive index, determined by the intci* 
action of tho nucleons within tho nucleus with the parlicjilar elementary particle. 
This model is convenient for an analysis of the nuclear scattering of high eneigy 
nucleons. The assumption of a uniform nuclear density distribution is inade- 
quate for a oorrecl intei pietation of the nuclear scattering of high energy nucleons, 
firstly, because the nuclear radii required to correlate the experimental data at 
various energies appear to dimniish with the increase in energies and secondly, 
tho theoretical a(0) vanishes at the minima m contrast to the experimental ob- 
servations. Tliorcforo, Gatha, Shah, and Patel (1964) have carried out an analysis 
of the nuclear scattering of high energy nucleons for light elements on the basis 
of this model for the nucleus with non-uniform nuclear density distribution, 


Extensive moashremonts are available for ir, tor various elements lor eneipes 
ranging between 14 Mev to 1400 Mev. In the present investigation a theoretical 
formula for total cross-sections has been derived in Uie Born approximation using 
the eharaclei-istio nuclear density distribution derived by Gatha, Shah and Patel 
(1964). The theoretical values of total cross-sections are t en compaiw ^ 
the experimental values at 208 Mev (Carvalho, Private communication), 2i0 M^v 
(De jLn and Knable, I960). 300 Mov (W. Ball, ' 

360 Mev. (Ashmore, Jarvish, Mather and Sen, 1958), 380 Mev (Dnhclepove e( 
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1955), 4:10 Mev (Nedzel, 1964), 690 Mev (Dzhelepove e/ al, 1956), 860 Mev (Chen 
et al, 1955), 910 Mev, (Law et al, 1958), and 1400 Mev (Ooor et al, 1955). 

OPTICAL MODEL OF T 1 1 E NUCLEUS 

In the optical model of the nucleus, the nuclear wcattoring of an incident high 
energy particle is described by means of an interaction potential which is inde- 
pendent of the co-ordinates of the individual nucleons within the nucleus but 
depends only on the co-ordinates of the incident iiarticle with respect to the 
nucleus as a wliole. Using impulse approximation introduced by Chew (1950), 
the multiple scattering formalism is reduced to a two body problem. 

The nuclear potential U on this approximation has been correlateti with the 
nuclear density distribution p{f) by Gatha, and Shah (Private communication) 
considering the spin effect negligible and neglecting the quadratic terms whose ij 
contributions to total cross-section cr^ as small, as 

U =—2knp(f) 

where 

k = propagation vector of the incident particle within the nucleus. 
p{f) =. characteristic nuclear density distribution. This is defined as that 
function of f to which the nuclear density distribution p{r) for any 
nucleus reduces when the independent variable r is transformed to 
r where r = 

0 

.and n = 

with Hi = TTjk [ fnn {0)-\-fnp (0)] 

and n .2 = e/4 [o-nn+o-np] 

where fnn{9) and fnp{9) represent the forward scattering amplitudes for {n, n) and 
(a, p) scattering respectively, e is a factor included for the exclusion principle 
which becomes unity at such high energies. One can also write the nuclear 
complex refractive index n as 

n ... ( 2 ) 

where 

= rijp~and ~ P 

as the nuclear density 

CHARACTERISTIC NUCLEAR DENSITY 
DISTRIBUTION 

Gatha, Shah and Patel (1954) have analysed the nuclear differential scattering 
pf 340 Mev nucleons on the basis of the Born approximation. As a result, they 




The Total Cross-Sections for the Nuclear Scattering, etc* 597 

have derived a oharacLenstic nuclear density distribution for light elements given 
by 

p[r) X cLq exp (—/Af®) 

2-1 

Avhere 

3.77xl0‘‘«em-2, 

Xg — 2.94x UV^“ cin~^, 
ag-- 1.50xl()“«cjn-2, 

and iV — 0.066 cm 

The total cross-section can be exiircsscd in the form 

— J, ... (4) 

where ^ is the exact wave tuucd.ion, Morse and Feshbacli (1953) have shown that 
to evaluate up to t-he, lirst Born approximation it is necessary to evaluate the 
above integi al up to the second Born approximation On this basis the expression 
for the total cross- suction is given by 

0*^ — ... (5) 

where 

0= SrrJ x*(S)f 

and = J 

0 

with ^ 

and S=^>Sx^^/^ 

TOTAL CROSS-SECTIONS 

In iht present investigation wc have calculated the theoretical values of itj 
using equation (5) for largo niinibor of elements at various energies, bince the 
nu«le<.ii-n.icleon aoattenug experiments do not provide the fonVard scattering 
amplitudes, we obtain them by correlating some model for the process with the 
angular distributions within the experimental range. One model is based on 
tensor interacUoii (Christian and Hart, 1950; Christian and Noyes, 1950) while 
another model is based upon a hard-core nucleon (Jastiow, 1951). It has been 
shoivn by Gatha and Shah (rrivate eommunieaiion) that for high energy nuclear 
scattering Jastrow’s model is more reliable than the other one. The Jastrow s 

7 


... (3) 

A -- 28.94 xlO“« cm-2, 

3.83xl0““cm- '“, 
^^^0.75xl0“«ciir2, 
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TU Total (7ro«i'5ecfioTW /or tU JTMcIoor 

omve for »i against energy is pmcticaUy constant and 

We have, tUore. Uken in lire present .' ’ ■" 

;U() Mev as the constant value for Hi for a >g ^ (pfp) 

Recently, an extensive data on scattering croas-sectlOUfl fOT (», 

;iii< 1 (», p) scattering is available for v&riouahigb energies. WeMve/i/0^^SlS006& 
curves passing through all the experimental points and used these eurres 

determiniag 00 tit different energm. 

The theoretical values oftTf eaJciilated, using equation (5), are compared with 
the corresponding experimental values of e^ at various energies. Such a com- 
parison is shown in Table I. 


n rv VT T . TT *S 1 n "M 


* 

It is olear from th® above comparison that there is a close agreement between 
the theoretic*! and experimental values of (Tj up to about 600 Mev. Beyond 
this oiiergj- the agreement is approximate. The deviations between the theoretical 
and experimental values of <t, above 600 Mev may perhaps |be due to the meSOn 
production at high energies or sj-stematic errors in experimental observations 
However, the close ogi’eement between the experimental and theoretical values of 
,r, indirectly oonfirras the existence of a characteristic nudear density distribution, 
A similar analysis based on Glauber approximation (Glauber, 1052) is under investi^ 
galion, details of which will be publidied later on. 
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Cedielone (m.p. 207°0) was isolated by Parihar and Dutt (1950) from the 
hcartwood of Indian Mahopjany (Cedrolla Toona Roxb) well known for its 
commercial and medicinal importance. Of late there had been some contro- , 
versy about its constitution. The above authors proposed as its ' 

molecular formula with presence of lactone and phenolic hyflroxyl groupings 
in the molecule. A reinvestigation of its constitution by Aghorainurthy, Das, 
Mukherjee and Rao (1962) based on .spoctro.seopio data and relevant chemical 
evidences had led to as its (diomical formula with the structure as 

shown in the Fig. 1 , containing primarily, one cliosphenol gi'oup, one unsaturated 
six-membered ring with a carbonyl group and a furan ring. Conventional 



methods of molecular weight determination such as acetyl estimation and 
cryscopic measurements may perhaps be considered unsuitable for unique 
confirmation of this small difference of 12 units in the molecular weights of 
these two alternative formulae. X-ray study of crystal structure of cedrelone 
was undertaken with the ultimate aim of complete structure determination 
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by Fourier method and also to determine .its molecular weight from unit cell 
and density measurements. 


No suitable single crystal was found m the original sample of cedrelonc sup- 
plied by Prof. T. B. Shoshadri. Hoeryetulhsatiou from dilute solution in alcohol 
yielded colourless pinacoids belonging to monoclinie holosymmetric 2/m class 
showing forms (001} and {100}. Oscillation and Weisscnberg photogiaph gave 
the following monoclinie unit coll ; 

a = 18.75a 
b = 13.07 A 
c = 18.781 


^ = 102''15’{101‘’) 

No correction due to fllui-shrinlcage was made. /? was determined by the method 
of oi seporation from zero-level Weissenberg photograph (The corresponding 
value obtained from gonioiiietiic measurement is given in the parenthesis). 
Uedeterniinatioii of the unit coll dimensions by d-method (W oiss, Cochran and 
Cole, 1948) gave the following values. 


a = 18.695±.002l 
b = 12.956±.001A 
c = 18.619±.002A 
/J = 101''49' 30” 


Density of the crystals determined by floatation method in aqueous solution of 
strontium chloride and also of potassium lodido, aided by centniugation was found 
to be 1.273i.002 giu/cc. The molecular weiglit calculated with tho refined 
unit coll dimensions was 420.7 wdth 8 molecules m the urat cell, supporting formula 
OjoHjoOs proposed by Aghoramurthy and others (1962). Calculated density 
based on this formula (molecular weight 422) was 1.277 gra/c.c. 


Oscillation as woU as b and c axis Weissenberg photographs were indexed. 
Keflexions of type Aol rvith h+l odd, oio with h odd, /loo withh odd and 
with I odd w-ere systematically absent. These absences uniquely established the 
space group to be P2,/a (equivalent to P2Jc with appropriate axial transfoi- 
mation). Symmetry elements of this space group permit only tour equivalent 
positions. Assuming that all atoms are in general positions, the asymmetric 
stouctoal unit therefore comprises two molecules of codrelone. 

An interesting pseudo-symmetric feature is 
photoglyph. Distribution of intensities is found to be nearly identical on eithe 
Lo of the [101]* and [lOT]* directions. A pseudo orthorhombic cell can i 
constructed with a' = 11.72A. h = hands' = 14.961, a' and c' being parallel 
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to 101 and lOT planes. This pseudo- synunetry in hoi zone of reflexions indicates 
that in projection there aie pseudo planes of symmetry parallel to the trace of 
101 and 101 pianos. A clue to the approximate structure may perhaps lie on this 
observation. Further woik on obtaining an ap])roximate structure by optical 
transform method (Lipson and Taylor, 1951) using “Optical Diffractometer” 
(Hughes and Taylor, 1953) is in ju'ogress. 

We are indebted to Prof. T. R. Slxeshadri for supplying codrelone crystals 
and for his interest in the work. Wo also wish to tliank Prof. P. C Mahanta, 
Head of the Department of Physics, Gauhati University for his eiujouragement 
and Mr. M. G. R. Nail*, Chemistry Department^ Gauhati Univeisity, for his help 
in reeiystallising the cedrelone sample. 
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starting from a moleonlar model the hre,i,^ 
frequency diaeharge is given by ICih’arl (1^2^ 


eBcPIW ^ r j_ EIB„p-\ 

L C'.LfA I 


( 1940 ). But it is evident that P (be i en GMiens 

W„es a minimum can be obtILd tro:;: 

n ra _ . _ ’ ^ 


^ nitn 


2E. 


■“o 




K 


( 1 ) 


Tirhere E^n is the minimum breakdowi voltage. 

table I 


Froquoncy of ' ' 

applied field Gas 

in Mo/sec ™‘ experimental Beferonco 


6 

Ha 

v-Ajw y j / 

1.4 

values 

0.9 


2.83 

8.73 

Ha 

Ho 

3.6 

2.564 

2.6 

1.7 

Thomson (1037) 

6.33 

Ha 

1.68 

1 


lfi.6 

Ha 

1.002 

0.46 


7.1 

Ha 

0.121 

0.136 

Son & Ghosli 

7.1 

Air 

0.162 

0.200 

(unpubli^ed 

data) 

9.6 

Ha 

16.00 

12.00 

Prows© and 

SO 

Ha 

4.796 

4.8 

Clark (1668) 
Townsend and 





Williams (1958) 


8 
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To test the accuracy of the above expression we have calculated the values 
of Pmin from Eq. (1) from the data available in literature and compared them 
with the values of obtained experimentally. 

It is thus evident that the values of pressure at which the breakdown volt- 
age will be minimum as deduced from Kihara’s theory agree quite well in some 
cases investigated and also there is wide divergence in others. The discripeney 
may be ascribed partly to the approximate values of the molecular constants which 
modify the values of A^. 

K-iliara in his theory has introduced two constants and JSq which are given 

by 


^0 


<r / ^ \* 
P ' Of' [ p I 


® P ■ 2e " 




- ( 2 )'^ 


and further he has showm that they arc identical with the constants A and B in 
Townsend’s equation whore 


4 = and ^ = ®*- ... (3) 

Aj Aj 

where is the ionization potential of the gas and Aj is the mean free path of elec- 
trons in the gas at a pressure of 1 m.m. Equating Aq and in Eq. (2) wuth Ai 
and Pj in Eq. (3) respectively wc obtain 

/OX. 64 = 1 . ... (4) 


Purtlier A can be calculated independently from the relation 

...(•) 

where C<i is the drift velocity of electrons in the gas. The values of and cr 
have been obtained liy Kihara quite independently and consequently p can be 
calculated from Eq. (4). From the values of p and A thus obtained ^0 can bo 
calculated from Eq. (2) and from Aq and can be obtained. The values of Vi 
obtained from Townsend’s coefficients A and B have also been entered into the 
Table 2 for comparison. 

Consequently, it is evident that the values of as derived from Kihara’s 
theory are closer to actual values than the values obtained from Townsend’s 
coefficients. But Kihara has calculated the values of the molecular constants 
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TABLE II 


PXiOat \XlOs 


Vi m Volts (loui^tion potentiol) 


Gas 

from Eqn(4) 

from oqu(f)) 


from 
Kilmm’s 
Ihoory . 

from 

Townsond’s 

cooffioiouis 

biUvmturf 

va.liioB 

He 

0 133 

4.0 

2.877 

13.0 

11 93 

24.5 

Ha 

0.487 

7.7 

7.6 

17.1 

2(5 

15.4 

Na 

1.03 

15 4 

15 67 

21 a 

28.5 

15,6 

A 

1 43 

13.(53 

14.00 

13 

15.0 

1.5 7 

OH4 

0 95 

16.7 

15.67 

7 3 

6 7 

14 6 


in his theory from TownsemFs coefffideniH. It is thus concluded that hetiei* agree- 
ment with experimental restilts will be obtained if the values of the molecular 
constants are obtained indexicndently and not fi-oin Toviiscnd cotrRicuenls. To 
investigal-e these points, we are undertaking the breakdown voltage measurements 
over a wide range of frequencies and pressure and in different gases in order 
to determine Pmn results will be reported in future. 

The present work foims part of a jirogramine of the scheme on ‘‘Electrical 
discharge through gases and vapours and its investigation by miorow^avo probe 
and optical method^’ and the authors are indebted to C.ST.ll., government of 
India, for financing the project. 
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THE SPECTRUM OF CoBr IN THE VISIBLE 
(A 4300-A 4700A) 

S. V. KRISHNA RAO and P. TIRUVENGANNA RAO 

Physics Department, Andhra Univehsity, Waltaib. 

{Received May, 21, 1962). 

Plate VII 

ABSTRACT, Jligh disporsion apoclrngrQjna of CoBr in the visihlo (x 4390 — X 4700A) 
hiivG shown tho exisLenco of charaotorintio band systeins designated as /J , I?, (7 and D. 
The a4, B and G systems consist of single-lioudod bands while tho /) system consists of 
double-headed bands. Appioximato vibrational coiistants liave been determined from tho 
vibrational analysis. Tho observed bromine isotope effect in the B and C systems confirm, s 
the vibrational analj’^sis. 


INTRODUCTION 

Mesiiagt^ (1939), repurt/ed charactciistic bands of CoBr in the region A4300-' 
A56r)0 A, m emission in a high li*equency disijhargo, but no analysis was ptesented 
for any of tho bands. Biecciitly, Kiishuamurty (1952) investigated the spectrum 
of CoBr excited in a heavy current discharge and proposed tlie analysis of three 
systems of bands in the region A43U0-~470 uA and interpreted them as belonging 
to an electronic triplet of the type In addition, Krishnamurty proposed 

the analysis of a weaker systena of bands in the region A5418— A5975 A, on the basis 
of a ® 7 r(a, 6 )“‘®S transition. However, the analysis of the different band systems of 
CoBr, proposed by Krishnamurty, were based on spectra taken under the low 
dispersion of the Glass Littrow spectrograph. As the spectra are superposed by 
strong atomic lines of Cobalt and Bromine, tho classification of the different systems 
and the identification of the different heads are uncertain. 

In continuation of our work on NiCl and CoCl, we have examined the spectrum 
of CoBr both under low and high disperison. The experimental procedure and the 
method of photographing the spectra were similar to those employed by us in 
the case of CoOl. 


RBSUIiTS AND ANALYSIS 

In the spectrum of CoBr, excited in o high frequency discharge &om a lOO- 
Watt oscillator, four diswete hand systems in the visible region A4300-A4700A 
have been definitely identified fi-oni a close scrutiny of both low and high dispei-sien 
spectrograms. Storting from the violet side, these systems were designated as 
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A, B, 0 and D respectively. Tlie structure and analyses of these systems are 
described below. 

In the region A4700-A6000 A, tho weaker system of bands obtained by Krishna- 
murty could not bo photogi-aphed under the high dispersion of the grating. In 
the photogi'aphic infrared region A68OO-A8OOOA although some bands were ob- 
served as in the case of CoCl, the band heads are diffuse and ill-defined for mea- 
surement. 

The A system 

This system is easily identified even under low dispersion as shown in strip 
(a). Under high dispersion, (atrip b) the bands of the strong Av = 0 sequence 
appear line-like and single-headed. The weaker Av — — 1 sequence consists 
of only two bands. Tho line-like appearance of the bands is due to the close 
values of coa'and 6)^". ^ 

The B and C systems ' 

The two strong Aw — 0 sequences of those two B5^stem8 are sho-wn in strip (c). 
In each of the two strong sequences, the heads appear single-headed . The (1,1) and 
(2, 2) bands of system B seem to bo accompanied by fortuitous heads, which are 
formed by umesolved rotational lines. The bands of the Aw = + 1 sequences of 
these two systems show double heads corresponding to CoBr”* and CoBr®^ species. 
The observed splittings fit well as shown in Table II, with the splittings expected 
according to the equation. 

Aw = (p-l)[a)/(w'H-l/2)-.co/(w''+l/2)] 

-(/)a-l)[a;e'(oe' (w'+l/2)2-.a;e"oe" (wHl/2)’*] ... (1) 


The D system 

The strong bands of the Aw = 0 sequence are shown in strip (d). Each of the 
bands (0, 0) (1, 1) and (2, 2) are double headed, consisting of JR and Q heads. 
The Q heads of tho weaker Aw = -l-l sequence are also identified from grating 
spectrograms. The band heads of this system could be represented by the fol- 
lowing quantum formula. 

V = 2l731.1+300.2(w'+l/2)+0.72(w'H-l/2)S‘ - 

-322.8(w*'+l/2)+0.15(w''+l/2)a ... (2) 

^peculiar featuj’e of this system is that the anharmonic constant for the upper 
fltato is negative, so that the spacings of the vibrational levels are anomalous 
over tho observed range, * 

The data and classifications of the different heads are given in Table I. 
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The spectrum of CoBr in the visible region X4300-).4700A 
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TABLE H 

^aud ii®a,clB ot' CoBi* iia. tKis TeigLoti A 4S00— 4700jt 




Massifif-ation 

Syntfim — A 

23048 . 4 



23045 0 


0,0 

23040 , 7 


1.1 

23034.1 


2,2 

23026 4 


3,. 3 

22770,7 


4,4 

22773.2 

5 

O.l 

— Jtf 


1.2 

22548 7 

4 


22546 . 9 


1,0 

22535.9 

22534 r^ 

6 

1,0 1 

2,1 

22527 H 


2.1 i 

22525.9 

5 

H 2 

22245 9 

10 

2,2 i 

22234 0 

0,0 

22220.0 

4 ) 

3 

1,1 

ft'ysfr.oi r 

2 2 

22427 0 



22425 5 

5 

1.0 

22407 . 0 

3 

1,0 1 

■22405 5 

2,1 

2238.5 « 

H 

2,1 1 

22384 4 

3,2 

22123.5 
22105 ,9 

10 

7 

3,2 1 

0,0 

22088 .0 

i 

4 

1,1 

2,2 

22021 7 
22002 0 

5 

1,0 Q 

2J984 4 


2.1 Q 

21722 4 

_ 

3.2 Q 

21720.0 

10 

7 

0.0 R 

21703. .3 

0,0 Q 

21098 0 

7 

1,1 R 

21085 8 

6 

1,1 Q 

21079 8 

6 

2,2 R 

2,2 Q 

IJie bt>ada of Col3r«J are marked ^-iLh i. 


TABLE II 


Isotope effect in 

systems B 

and C of CoBr 

v', v'^ 

Culo ~ 

Oba 

Sy^fe/n — jg 



i»o 

2,1 

— 1.0 
— 1.6 

— 1.8 
— 1 4 


— 1.4 

— 1.4 

System — C 



1.0 

— 1.6 

— 15 

2,1 

— 1.4 

— 15 

3,2 

— 1.3 

— 1.4 
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TABLE III 

Vibrational constants of band 83 ^stems of CoBr 


Syslom 

(0,0) 

o' 

xo'e' 

p" 

xo^o" 

A 

23048.4 

269 1 

0.4 

371.6 

-0 06 

B 

22246.9 

304.3 

0.75 

318 3 

2.1 

C 

22123.5 

300.8 

1 65 

334.0 

1.5 

D 

21720.0 Q 

300.2 

—0 72 

322 8 

0.15 


1) X s a u s SION 

Tabic ITT .saiiiiUfn'ies the vibrational constants of tlie OoBr inoleoules. The 
lower state vibrational frequency 318.3 of the B system is entirely in keeping 
with the ground state frequency 31 G (nn~^ of NiBr. 

The A, B, C systems of OoBr, consisting of singlo-headed bands ai)peaT to be 
analogues of some of the single-headed band systems of OoCl. (A, B, 0, 1) and E.) 

Each of the systems A, B, C, D and E in OoCl Avas previously attributed to 
a transition in which Afl — 0 corresponding to case (c). As CoBr is a lieavier 
molecule than CoCl, wc may expect even a greater tendency towards case (c). 
Thus each of the A, B and C systems may be interpreted as arising from a transi- 
tion in which An ^ 0 in Hund's case (c). The 13 system consisting of double- 
headed bands may be attributed to a case (c.) — case (c) transition in which 

Aa-±1. 
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ABSTRACT. Ultrasonic velocity nioasuroinonts aixi carried out in aqueous eolutioue 
of some nitrates and tho variation of ultiubonic volmsity, adi.abatic coinpresi-ibility, apparent 
inolal cornpressibility and molar sound velocity witli conconiration is atuciipd. The results 
aro in.torpi’Ct'^d in terms of Gucltcr’s hunting laws. The hydration niimbors are fsti mated 
lor all tho electrolytes anu compared with tin data obtained ly other methods, The molar 
Found velocity value-s are eptimated for 100% of llu olectrolyto and the valuos are conipared 
with tho coniputod values known for some of tho mcr-alhc radicals, 

INTKODUCTTON 

CoiLsideTal)le woi'lc already l)een done on tlie study of ultrafionic velocity 
and hence adiabatic cuiui)rossibiliiy and apparent inolal (joiuprossil)ility in aqueous 
solutions of electrolytes. The calculation of apparant luolal compressibility 
and adiabatic conipressibility forms tJie basis for tho verification of Gwekers 
(1938) limiting laws, derived from the well-known Debye-Huckers theory of 
electrolyte solutions. It is also possible to estimate the number of water mole- 
cules associated with the ions, known as the hydration number, from the apparent 
inolal oomprcssibility value at infinite dilution. Giickcr himself verified his 
limiting biws by the piezometvic method of measuring compressibilities. Later 
Bachem (1930), Scott, ObenhauB and Wilson {1934), Krishnamurthy (1950, 1951) 
Rao uml Rao (1958) studied the apparent molal compressibilities m several solu- 
tions of electrolytes of different valence types and reported deviations fi’om tho 
limiting laws. While investigating the variation of ultrasonic velocity mth 
concentration in solutions of electrolytes some authors (Barthol, 1954, Murthy 
and Murthy 1958, Balachandra, 1900; Radmini and Rao, 1900) reported unusual 
features like decrease of ultrasonic velocity with increase of concentration of the 
Balt, in electrolytes having heavy metallic and acid radicals. Marks (1^)60) has 
calJulated the hydration numbers of certain sulphates and hydroxides of alkali 
metals, Lithium,* Sodium. Potassium and Ammonium. Following the same linos 
Padmini and Rao (1960) studied some acetates and halides; and Bhimasenac ar 
and Subrahmanyam (1960) investigated some nitrates. 

As very little work has been done especiaUy on tho study of molar soimd velo- 
city and hydration numbers of electrolytes, the authors have taken up the present 
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investigation of studying ultrasonic velocity, adiabatic compressibility, apparent 
molal compressibility, and molar sound velocity in some nitrates. The salts 
Ag NO 3 (Rao and Rao, 1961) and XJ 0 a(N 03)2 (Rao and Rao, 1962) have already 
been reported, but intruded in this paper for a comx)aTative study. 

EXPERIMENTAL DETAILS 

The following is the list of nitrates whose aqueous solutions are studied in the 
present investigation. 

1. Lithium nitrate. (1-1)- 6 . Cadmium nitrate. 4HgO. (2-1). 

2. Silver nitrate. (1-1)* 6 . Qranyl nitrate. OHaO. (2-1). 

3. Berylium nitrate 7. Aluminium nitrate. QHaO. (3-1). 

3 H 2 O (2-1). 

4. Calcium nitrate. 8 . Lanthanum nitrate. SHgO. (3-1). 

4 H 2 O (2-1). 

The samples used are of either of B.D.H or E. Merck, Analar quality. The 
ultrasonic velocities arc measured at 30°C by using the double crj’^stal, fixed path 
interfoT'orneter of Rao and Rao (1957). The densities are determined accurate to 
1 mg. by means of a specific gravity bottle. The velocity measurements are ac- 
curate to I m/scc. The parameters, adiabatic compressibility, apparent molal 
compressibility and molar sound velocity are calculated by using the usual rela- 
tions 

A . = (Fr 

where p and p^ are the densities of the solution and the solvent; 

G = molal concentration expressed in moles/litro of the solvent. 

M-^ and — molecular weights of the solvent and solute. 
y — ultrasonic velocity. 

Pad = adiabatic compressibility of the solvent. 

M — average molecular weight of the solutions given by 

where and are respectively the number of moles of the solute and the solvent. 
The molar concentration G is calculated using the formula 

C= XlOO. 

ni+ni . 

The results are presented graphically in Figs. 1 to 6, 




0<Micinitrataon in molsa/litor. 

F’Ir. I . Varuiiioii of uKraaouic volooit.y with nuilal coucontration in LiNO-j, AgNOj, Al(!NO(i)s, 
and lialJ^Oa);!. 



Conoentmtion in molQa/Utor. 

Fig, 2. Variation of ultraaonio. velocity witU molal uonoentratioji in 0 a(N 03 ) 2 , Be(N08)2, 
0d(N08)3 and UOalNOgh. 
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Conoentration in molos/litw., 

Fig. 3. Vtiriatiou of adiabatic conipressibility with inolal cojioontration m LiNOa, AgNOoi 
AlNOs) and La(NOa)a. 



Concentration in jnolGB/litre, 

Fig. 4, Variation of adiabatic coinpresBibility withmolal concentration in Ca(NOB)i!, Be(NOa(3 
Cd(N08)a and U02(N0a)3. 
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Fig. 5- Variation of apparent molal coinprossibihty (^(Ka) ) with aquaro-rooi of molal oon- 
coutration. 


o * a '3 



C Percentage molar concentration. 

Fie* 6. Variation of molar ^ou»«J volopity (R) with molar concentration (C). 
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VARIATION OF ULTRASONIC VELOCITYAND 
ADIABATICCOMPRESSIBILITY WITH 
CONCENTRATION 

From a study of the Figs. 1 and 2 it is evident that the ultrasonic velocity 
exhibits peculiar variation in the case of some salt solutions. In tin case of silver 
nitrate solutions the ultrasonic velocity decreased upto a couceii< j ation of 4M 
and then showed an increasing tendency while m anyl nitiate showed only a de- 
creasing tendency even at the maximum concentiation studied. The cadmium 
nitrate solution exhibited the same behaviour of cadmium acetate (Padmini 
and Rao, 1960) in that the ultrasonic velocity showed first a slight docresisc and 
then an increase with fm’thor increase of concentration. It is evident from the 
Figs. 1 and 2 that in all types of electrolytes having a common anion, the heavier 
the metallic radical, the less is the velocity gradient, the only exception being j 
berylium nitrate (2-1). 

In spite of the unusual variations in the case of ultrasonic velocity, the adia- 
batic compressibility showed a decrease mth increase of concentration in all tlic 
salts as can be seen from Fig. 3 and 4 foUovdng closely Giickor’s equation 

Fiom a systematic studj^ of a scries of aqueous solutions of some sulphates Marks 
(1959 / has drawn the conclusion that for a fixed union the compressibility at a p.art i- 
cular conoentj'atjon decreases with increasing iomc radius of the cation. This 
rule was verified and confirmed by Padmmi and Rao taking all the available data 
from literature and the deviations observed m some hyibated salts are explained. 
Table I contains the compressibility data at 1 molo concentration together with 
the ionic radii for the different cations, the theoretical and expei iincntal slopes of 
appaient molal compressibility graphs and the hydration numbers estimated for the 
different salts of the present investigation. It can bo seen that the Marks rule 
applies satisfactorily for these salts. Taking Li NO3 and Ag NO3 both of which 
are of (1-1) type, and arc anhych'oi.s, silver nitrate which has a huge cation exhibits 
lower eompiv^ssibility. In the (3-1) typo salts the compressibility of lanthanum 
nitrate solution is higher than aluminium nitrate solution although the radius of 
its cation is higher than the latter. This discrepancy may be due to the excess of 
six water molecules in the water of crystallisation of aluminium salt whose tendency 
is to lower the compiessibility. Among the (2-1) type salts, berylium which 
has the smallest radius shows the higher compressibility in accordance with the 
above rule. Cadmium nitrate and uranyl nitrate having the same cationic radius 
should have the same compressibility but uranyl nitrate shows slightly less com- 
pressibility, This may be due to the two extra molecules of water of crystalli- 
sation associated with the uranyl salt. Calcium which is having a slightly higher 
radius than cadmium and having the same number of water molecules, should 
have lower compressibility compared to cadmium salt but the experimental result 
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is actually the reverso. This may be associated mth the peculiar behaviour 
of cadmium nitrate at low concentrations. 


APPARENT MOLAL COMPRESSIBILITY AND 
HYDRATION NUMBERS 


As can be seen from Fig. 5 the apparent molal coinpreesibility varies 
almost linearly with square — I’oot of concentration in all the electrolyte solutions. 
The value of for most of the salt solutions is positive at higher concentrations 
and negative at lower oom'entvations. The values of the gradients d(^{K^)ldC^^^ 
are determined and presented in Table T along with the theoretically computed 
values. It is interesting to note that while all other nitrates showed a positive 
gradient for the apparent inoltil compressibility berylium nitrate showed a nega- 
tive gradient. In the (1“1) type electrolytes the experimental slope of Li NOa 
showed good ngT’eement Avitli the theoretical value whereas the silver nit] at?, showed 
a largo deviation. For the (2-1) ekctrolytes except berylium nitrate whose cx- 
perinieatal slope is negative and less than the theoretical slope, and m’anyl nitrate 
whoso slope IS very mueli larger than the theoretical slope, the other salts calcium 
and (iadmium nitrates slioAved reasonably good agreement with the theoretical 
slope. The gradients for both the (3-1) types of salts, showed some amount 
of divergence from the theoretical slope, the oxpei'imental values being lower 
in both cases, but the agreement may be considered as fairly satisfactory. It may. 
tberetb]-e. be concluded that the experimental data can be explained qualitatively 
on the basis of Giickei’s limiting laws The negative gradient in the case of 
bevyliiiiii nitivitc is yet to be oxplaiiiod. 

The study of apparent molal compressibility at infinite dilution enables the 
calculation of hydration numbei- of electrolyt-e. Tlio hydration number represents 
the number of water iiioloculcs bound to cither the cation or anion or the molecules 
as a u'hole. Tlie fi.’St layer of molecules attached to the ion is known as the primary 
water of hyd.ation and is incomprc.ssible compared to the free solvent molecules, 
Wacla, Sliimbo and Od i (1950) have given the following relation for the calcu- 
lation of llie primary hydration numbers. 


Lim 0(A^2) = 


where K is the volume of the primmy water of hydration for the whole of the 
electrolyte. The limiting value can bo arrived at by extrapolatmg ^ 

versus 0* graph to zero concentration. Using the experimental vlaue of ^ K, 
and /J„, the values of are estimated. By mating the ^ 

the liar volume of the solvent molecules in the primary hydration Bheath 'S the 
same as that of the pure solvent, the combined prima^ 
the electrolyte is obtained by dividing F* by the molecular weight of water. The 
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experimental values ttiug olatainod for all the niti’ates investigated are presented 
in the last column in Table I. The authors have also studied the anhydrous 
samples of some salt solutions and found thxt the hydration number of anhy- 
drous salt is equal to the sum of the hydration number of the hydrated salt 
and the number of water molecules attached to it. The hydration numbers thus 
transformed for the anliydrous salt are reprn'ted in the last column of Table I. 


TABLE I 




Cho'iiical 

formula 

Adiaba- 
tic OOIII- 
pr-isiaibi- 
lity at 

1 Mole 

Ionic 
rad Ills 
of tho 
cation 

8 i(K. 2 )lB<s/e Hydration 

number for 


Name of tho salt 

Thooroti-Expon- Hydra- 
cal mental ted salt 

anhy- 

drous 




concen- 

tration 

in A 



salt 

1. 

Lithiu n nitrate (1 — 1) 

L) NOa. 

40 90 

0 60 

0 3 

5.0 2 24 

2 24\ 

2. 

Silver mtrato (1 — 1 ) 

Ag NOa 

30.77 

1 .25 

6.3 

16 4 5.10 

5.10 1 

3. 

Borylium mtrato 
(2-)) 

Bo(NOa)2 

3UjO 

39 79 

0.34 

32.0 

— 18.5 —0.02 

2 4 . 

4. 

Calcium nitrate (2 — 1 ) 

Ca(NOa)i 

4ir,o. 

37.42 

0.99 

.32.6 

38.7 0.7 

10.7 

6, 

Oadiiiiuin nitrate 
(2-1) 

cd(Nro3)2 

4K,0 

37.30 

0 97 

32.6 

41 5 6.3 

9.3 

6, 

Uranyl nitrate (2 — 1) 

UO,(NOah 

6H,0 

37 18 

0 97 

32 6 

61.3 2.5 

8.5 

7, 

Aluminium mtrato 

A1(N03)3 

9H,() 

34 34 

0 60 

92 4 

72 0 7.07 

0 

16.07 

8. 

Lanthanum n'trato 
(3-1) 

WN03)3 

311.0 

35 . 30 

1 16 

92 4 

60 7 9.9 

12.9 

TABLE II 


Name of the salt 

Chemical 

foriHula 

II R 

for hydrated for iiiihy- 

aalt drouH salt 

R R 

For tho for metal 

metal available in 

computed literature 

1. 

Lithium nitrate 

Li NOa 

430 


430 

181 

65 

2. 

Silver mtrato 

AgNOa 

422 5 

422 5 

173.5 

— 

3. 

Borylium nitrate 

Bc(N03)2 

3H,0 

1382. 

5 

762.4 

26d.4 

— 

4. 

Calcium nitrate 

Ca(N03)2 

4 H 2 O 

1616 5 

788.7 

290.7 

430 

5. 

Cadmium mtrato 

Cd(NOa )2 

4H,0 

1406.0 

579 

81 

315 

6. 

Uranyl nitrate 

UO-.(NOo)2 

6 H 3 O 

1986.7 

740 7 

100.7 

— “ 

7. 

Aluminium nitrate 

Al(N 03 )a 

9H.0 

2804.2 

10.34 

287 

319 

8* 

Lanthanum nitrate 

La(N 03 )n 

3 H 2 O 

1723.6 

1103.6 

366.5 
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Tho values of hydration nuiubors for lithium and calcium are taken as 4, 
18 and 10 respectively aa reported hy Bell^"^. Assuming the above valurs, 
the hydration number for the nitrate radical in lithium and lathanum nitrates 
comes out to be the same and equal to —1.7 whereas the same value in calcium 
nitrate is +0.35. The negative value of hydration for the nitrate radical is in 
accordance with the concept of negative hydration put forth by Wang (^®). 
Taking the value of —1.7 as the contribution due to the nitrate radical, hydration 
numbers for the cations Ag+, Be++, Cd++, UO 2 ++ and AP +■•■ have been calculated 
and tho values are 6.8, 5.8, 12.7, 11.9 and 21.2 respectively. These values of 
hydration numbers for these cations are reported for the first time. 

MObAB SOUND VELOCITY AND ASSOCIATION 


It is inieresting to note from Fig. 6 that the molar sound velocity varied 
Uno.arly with concentration exp"cssed in percentage molar concentration. Extra- 
polating those linear graphs to 100% molar concentration, the It value for the pure 
salt is obtained. Taking tlio contribution of the nitrate radical tov^ards H as 
249 (by assuming individual values of N and 0) and taking tho experimental value 
of 206.7 for wate”, tho H values for the metallic radicals are calculated and compared 
with those available in literature. The results are piescnted in Table II and as 
can be seen from the table there is no agreement between the values of It for 
the metals estimated from the aqueous electrolyte solutions and those from the 
other methods. This may be due to the highly associated nature of the solvent 
water. 
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RESONANCE IN ELECTRON CAPTURE BY PROTON 
PASSING THROUGH HYDROGEN ATOMS 

S. C. MUKHEiyEE and N. C. SIL 

DErARTMKNT OP TllEORF.TIOAL PlIYStCS, 

INDIAN Association por thk Cultivation op Sciknce, 

Jadavpitr, Calcutta- 32 

{BerrivH {September 26, 1962) 

ABSTRACT. Tho rocont oxix’vinu'uiitl rosnlts of Lockwood and Everhart (1962) on the 
capture probahilily ol an eloclitm by a proton passing through Jiydrogeii atom shows that at 
an angle of scattering of 3". the captuie jirobabilitN when plotted agiiiiisl tho roeiprocal of the 
proton velocity reveals lesojant structuio with inaxiiua and niinnna. It is found that tho 
application of tlu* variaLioiuvl iiielhod of Sil (I96t)), in iho Ioav energy region reproduces this 
structure fairly well Tlie llieuielical roHults begin to differ IVoiu the exporiinenlal findings 
at 3K'V and therealhu' the diffeienco goes on inci easing with higher energies. As in Iho 
method of Sil, tho pro ton -pro ion lutoraclion has been nogloctcd. 

I N ^1' R 0 D 11 0 T 1 0 N 

Lockn^ood and Kv-irliart (1902) have studied ilio proliability of an olectron 
captuvo by a p'otoii passing iliroiigh Iiydrogen atoms for a particular impact 
parameter coriosponding to 3® angle of scattering of tbo incident proton; their 
findings rovciil a resonant varititioii of the capture probability with the reciprocal 
of the proton v^elocity corresponding to the energy of 0.75 Kov to 80 Key. In tins 
energy range the maxima occiu* at 20.1, 3.92, 1 57 and 0.78 Kov, and the minima 
at 7.69, 2.39 and 1.1 1 Kov. 

Applying tlio impact parameter metli id of Bates, Massey and Stewart (1953), 
Zieniba and Brussek (1959) have tried to explain the I'esonanee peaks that occur 
at 5° seattcvjng angle in tho electron captuvo probiibility of passing th'ongh 
He at diffe-ent ciie-gy values (1 Kev-200Kev) of the incident He'". Thi 
retical values of tho capture p’ob ability oscilUte between! and 0, whereas t’r, 
experimental values fluctuate between 0.0 and 0.2. Thi positions of th3 miximi 
and minima agree well with the experimental findings at high energies; tho m-ithod 
is not quite .satisfactory at lower eno’gies and as such the agreement between 
theory and expciiinent is poor. Bates and McCairoll (1062) have recently 
reported the results of Ferguson (106J) and MoCaiToll (1961) for tho positions of 
maxima and minima in the electron capture cross section for H'*' — H atom collision 
at 3® scattering angle. The calculation of Ferguson is based on an expansion in 
molecular eigenfunction whereas that of McCarroll on an expansion in atomic 
eigenfunction. 
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Sil (1960) has applied a variational method to calculate the total captui’e 
cross section of electrons by protons incideilt on hydrogen atoms at low energies 
of the incident pi‘otons and has found good agreement with the experimentally 
observed values of Fite, Brackmann and Snow' (1958) and noth the theoretical 
findings of Dalgarno and Yadav (1953), who have used Ihe perturbed stationary 
states method. A pei-usal of the paper of Sil shows that the matrix element for 
the capture process contains a tei'm similar to the proton-proton interaction term 
included by Jackson and Schill (1953). though the Hamiltonian form, vhich 
Sil has taken, does not contain proton-proton mterjiction. 

In this poiicr we have calculated for low energies of the imddent proton, 
using the same variational method, the captm’e probability of an electron by the 
incident proton whiih gets scattered at an angle of S'" in the Laboratory system. 
Our theoretical results also show the resonant structure with the jnaxima and 
minima and agree with the experimental values of Lockwood and Everhart 
(1962), specially when the incident proton energy is 3Kev or loss. 


THEOllY. 


When a proton passes by a hydrogen atom and captures the oleciroii from 
the atom, the incident proton is scaitcred by the Coulomb interaction of 
the atomic proton. The varia-tional method winch wo apply here con sists of the 
detemination of the tvansition probaljiUly of an electron from n bound state of 
the hydiogcn atom to a smiilar slate ot the moving proton under the influoiiee 
of the Coulomb held of the proton Thus probability is obtained as a fnnction of 
the relative energy and the impact parameter and is calculated from the elaesioal 
scattering of the two protons in tlieu- mutual field. For the calculations of the 
electron capture probabiUty we assume that the centre of mass of tho mcidont 
proton and tho proton of tho target atom is.at rest, while tho protons move in a 
straight line with uniform velocities - Jv and d- respectively. In the Coulomb 
field of the two protons, tho paths of the two protons are hyperbolas, but m the 
oaleulatioii of the capture probability, wo assiuiie the paths to bo straight luies 
and tho error involved in this assumption is negligible. 


Lot B he the position vector of the incident proton relative to the atomic 

- 0 s a. 

Other with p, the impact parameter, os the distance. 

u«wuiv fls oiveii. bv the variational method of Sil 
The electron capture probabihty as given oy ea 

(I960) is 
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where 








J Tz 


r 1 1 

/ 2R 

\ 1 - / 


1 

o®! 

1 



-rJJ 


whore Oq i® Bohr radius of the hydrogen atom. 


US) = j 

and are the initial and final wave functions and /g and for low incident 
proton energies become, 


Aq ^ ' ' ®0 ' 

\ ttQ 3 fly / \ fly / 


In the laboratory system of coordinates the scattering angle and the impact 
parameter are connected by the Rutherford’s formula (vide Ziemba and Russek, 
1959) 


p = 


tan 6 . E 


... ( 2 ) 


where E is the energy of the incident proton in the laboratory system. From 
the relation (2) wo get 


m 

I 


f{B)dt = l M 


where <i(P) = f ... (3) 

and (pip) is evaluated by a numerical method as shown in the Appendix. Tor 
each value of E, we get the corresponding values of p and ^{p) from relations (2) 
and (3) respectively and substituting these values in Equation (1) we got the 
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corresponding capture probability, 
experimental results of Lockwood 


We compare our theoretical values with the 
and Everhart (1962) as shoAvn in the Figure. 



Reoi])rocal velocity of IO-Ah HOc/mc'(-rr>. 

lixpenniontiil curve. 

Theoretical curve. 

Fig, I. The cUictroji capture probability for eolli>ions of H+ on If is plotted agaijiRt 
the reciprocal of the incident proton velocity. Tlicso data are for collisions in which the 
scattered particle emerges at ,1® in laboratory sj'^stcui. 


In Table I we have given our i-osults for the values of the incident proton 
energy at which the nuixiniiun and niininium values of the caiituro probability 
occur together M^ith the results of Forguson and McCaiToU and have compared 
the theoretical findings with the experimental values of Lockwood and Everhart. 
Both Ferguson and McCarroll have given results with and without the neglect of 
the translatory motion of the electron. 

The effect of the translatory motion of the electron is ignored in (1) and 
taken into account in (JI). 


DISCUSSION 

Our results give fair agreement with the experimental values when the incident 
2^1 of on energy is small. With the increase of incident firoton energies wo find 
marked deviations from observed values. This is due to the fact that and 
have been calculated in the approximation of zero value of the translatory velocity 
of the ion. Moreover, in our calculations we have considered only two main 
possibilities for the electron state, i.e., either the electron remains attached to the 
atomic proton or it is cai^tured by the incident ion in the ground state. Besides 
the above two fJossibilities, the electron may be left in the original atom in an 
excited state, it may be captured by the incident ion in any of its excited 
orbits or it may be knocked off the original atom without being captured by the 



Positions of maxima and minima of differential electron capture cross s 
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U.6 6.95 14.8 5.63 7.69 

58.4 16.9 59.6 14.2 20 1 



627 


Resonance in Electron Capture hy Proton, etc, 

incident ion. All these effects may give rise to additive or destructive inter- 
ference m the capture probability by affecting the energy of the incident particle. 

A perusal of the table shows that the positions in the energy scale of the 
maxima and minima according to our calculations 'which neglect the iranslatory 
motion of the electron agree closely with the experhiiental values at low energies 
whore the above neglect is justified. The influence of the translatory motion of 
the electron is to make the maxima and minima occur at correspondingly lower 
■values as can be seen from the results of Ferguson and McCarroll who have given 
two sets of results, one of which takes into account the above influence. If we 
had not neglected the translatory motion our agi*eement with expei'imont would 
have been still better. Somehow or other the calculations of Ferguson and 
McCarroll whiiih incorporates the translatory motion do not show as good 
agreement as expected; at energies greater than 7 Kev the positions of the 
maxima and minima fall considerably below the experimental findings. 

From the experimental results wo find that the resonaiuje peaks at energy 
of the order of 8 Kev to 0.78 Kev remain almost equally spaced and the peaks 
and valleys lie between 0,9 and 0.1 , but the amplitudes of the peaks liecome smaller 
udth decreasing enoi'gy, whereas from our theoretical results we find that when the 
inciilent proton energy is small, the spacings of the peaks are broad and with the 
increase of energy li shrinlcs and becomes iuutow but the peaks and valleys reach 
the values I and 0. Ziemba and Russok in their calculation for resonance oleotron 
capture in 5° scattering angle of FTe^' on He has also found the oscillation of the 
maxima and minima between unity and zero, which is the charaotoristic feature of 
the impact parameter method. According to this method for small values of 
impact parameter the probability for resonance oleotron captiu'e oscillates between 
unity and zero. 
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appeddix 


Evaluation of 


. i vjp-p^ 


We split up f{R) into two parts 

f{R) =/i(J«)+/a(^) 

where /^(R) = 2/3 Re~^ being the asymptotic form of f{R) &nd fi{R) is the residua] 
part after subtracting MB) from f{B). For the purpose of evaluation of 0(P1 
we suitably approximate /i(i?) by two exponential functions of B. 
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i,e. (=s: -XaK. Ai, A^, Ai, aro found to be complex 

numbers. 

Finally, we may wit© 

f{E) c=- e—otB (a cos sin Ee—E 


where a = 1.346, /& — 0.3668 

and a = 1, h = -0.7832 

The nujiierioal values of the abf)vc cxpi-ossion on the right hand side were com- 
pared with/(i?) and except for a small range near E — 0.2, the relative error was 
found to bo loss than 1 % over the entire range of E from 0 to ao. 

It is convenient to express /i(-R) in the form 

fy{E) cs. A exp {—pe~i9E)-\-A exp(—pe^0E) 
where ^ 0.7832), A = J(l-t 0.7832) 

and p = 1.3935, a == J 5° 

Let us now consider the integral 

i 

which on substitution of = p X 1/ become.^ 


! v?72-i 


= K^ipZ) 


where \argpZ\ < 7r/2 (Watson 1944, P.142). 

The integral /i = f is obtained by differentiating with respect to 

Z. 

Thus /i=- ( -gt) =-pK\{pZ) 

where the dash denotes the differentiation with respect to the argument. 

Now since ^'o(S) = 


(Watson, 1954, P, 79) 
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I\ =P^i{pZ) 
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MR)RdR , ,, , 

^)+pAKi{ppe'>) 

/ = f 

may l)c obtained by differentiating /, Avith respect to Z and putting Z — \ 
IJio derivative. 

( ^2 )*-*=pWO'Z)L , 

=pKi{p)+P^K^(p) 

ZK\(Z)+K,{Z) =-ZK,{Z) 

Up)^\ f —1^=1 [pK,(pnrl^K,(p)] 

(ft = 951 + 9^2 
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INTENSITY MEASUREMENT IN BANDS AND 
ROTATIONAL TEMPERATURE 
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ABSTRACT. Roifttijnal tomperatiireB for OH ( 2 S— -tt), oxcitod in the inner cone 
of methyl aU'ohol-air flameH have been moasiired at various air/fiiel raivos of combustible 
mixture. At these tur/luel ratios, intensity of OH (0—0) at the Ri head (1^) is measured 
simultaneously with the corresponding integrated intensity (I '?»). The rut.io is 

found to follow tli(’ rotational temperature (T) of OH. 

INTRODUCTION 

The measui’einont of inl-cnsitios of jiioleciilai’ beind system is often compli- 
cated by the partial overlapping of neighbouring bands, malting the direct nicasiire- 
rnent of integrated total band int-ensities extremely difficult, if not impossible. 
Hence mari)^ times intensity at the band liead is preferred to integrated intensities, 
It has been shoAvn by Tawdc and others (1961) that band Jiead (peak) intensities 
repi'c.sent fairty satisfactorily the whole' band intensities. 

Floyd and King (1956) have developed a metliod of correcting peak intensi- 
ties. This method is applicable to singlet systems and systems that can, bo 
approximated to singlet systems. The fractional band intensity method of 
Robinson and Nicholls (1058) is suitable for all typos of bands. In both of these 
developments, knowledge of rotational temperature is essential. It has been 
observed (Gaydon 1957), and is a well established fact also, that higher rotational 
temporaiurcs would increase the total intensity of band out of pro})ortjon to the 
intensity increase at tlie band head. This would introduce eiTors. if iieak inten- 
sities are taken as a measure of band intensities in experiments where rotational 
temperatures are changing. 

So, it was thought worthwhile to study the relationship between peak and 
integrated intensities as rotational temperature is varied. Theoretically it is pos- 
sible to calculate the relationship, which, according to Robinson and Nicholls 
(1968)) comes out as " 


p 


-By/ 

ff 


1~ =irrp 


f -'-1 

L kT \ 


S/e^p[-g' 


where, 


Ip — Intensity at the peak 
/y'yw — Total band intensity 


... (A) 
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B^t — Rotational constant 
k — ^Boltzmann’s constant 
T — Rotational temperatnro 
Ej> — Rotational tcnn value 
Sj > — ^Line strength factor 

— ^Limits of upper level rotational quantum nuinhers giving lines 
forming fraction of the hand whose intensity is measured. 

E X P K R T M R N T A L 

An experimental study of the variation of band-head and total intensities with 
rotational temperature has been undertaken with a view to see wliother an em- 
pirical rule for corj'ccting peak intensities could bo obtained. 

bands emitted from the methyl alcohol-air flames were chosen 
and subjected to intensity and rotational temperature measurements. Rotational 
temperature was varied by varying the air supply to the flame. OH bands have 
open rotational structure with two prominent band heads. Intensities have 
been measured wMtli the help of photoelectric autojuutic scanning unit attached to 
a medium quartz spectrograph. Scanning speed was adjusted to smooth out the 
open rotational structure so that tlio intensity record gave just two peaks 
of the (d-O) band of OH. The Ri peak has been taken as the relative peak 
intensity. Tlie ai-ea under the entire contour, after properly accounting for over- 
Itvpping, is taken as total band intensity. 

Rotational temperatures w'-ere determined by measuring intensities of rota- 
lional lines IV, V, 'ind with the help of Littrow (large) quart/, 

spoctrogvapli at the various air /fuel ratios. 

RESULTS AND DTSCUSBION 
The observed results have been collected in Table 1. 


TABLE I 


All' 

fuol 

InliOgrated 

intensity 

Iv'v'" 

Peak Inten- 
sity Ip 

ip 

Rotational 
temp. T °K 

4.40 

4.80 

fi.20 

u.U 

C.07 

6.48 

9,0 

16.8 

23.6 

29.6 

36 6 

26 0 

11.8 

20.6 

28 0 

33.2 

39.8 

36.4 

0 763 
0.813 

0 840 
0.885 
0.893 
0.656 

2908 

2936 

2962 

2970 

2988 

2662 


l and it 


Graph of Z ToLuded that I„.. increases 

,,rhere m and e need be determined. 
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For aniall range of temperature variations equation (A) can be transformed to 
an approximate equation 



whore JSj is an average over all possible E.i' and K is a constant. Hence we may 
infer that the result gives qualitative agreement with the expression given by 
Robinson and Nicholls. No exact quantitative agreement should bo expected 
because of the hict that the open rotational structure of OH and thoTioavy over- 
lapping from adjacent bands make the determination of integrated intensity 
approximate. 
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ELASTIC SCATTERING OF FAST PROTONS BY 
SPHEROIDAL NUCLEAR POTENTIAL WITH 
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ABSTRACT. Ip. this paper ilio cross section of clastic scattering of fast protons by a 
doformrscl piicIqub has boon calculated using the Born’s approximation moihod. The nuclear 
mteraotion IS represented by the optical model potential of Woods -Saxon type which oouipriBos 
both the prolate spheroidal .shape and the diffusivity of the boundary of the potential. The 
Ooulonib jiotenl.ial is taken to be that due to a uniform charge distribution within the deformed 
nucleus. The theoretical results for tho case of tantalum nuoleup (a4 — 171, Z = 73) 
obtained with a prolate spheroidal potential having diffuse boundary agree quite well with 
tho experimental findings and the agreement is much better than that obtained with the same 
potonlial having a sharp cut-off. 

INTRODUCTION 

In a previous investigation by Dutta and Sil (1962) hereafter referred to as 
paper 1, tho elastic scattering cross section of 96 Mov protons by prolate spheroidal 
nucleus has been calculated with a constant depth and sharp cut-off nuclear 
potential. According to that calculation tho theoretical results are in overall 
agreement with the experimental findings; tho theory predicts the correct posi- 
tions of tho maxima and minima in the differential cross section curve, however 
tho theoretical cross section obtained is very large at large angles in comparison 
■with the experimental findings. Similar result of very large scattering at large 
angles has been obtained for the elastic scattering of protons by a spherically sym- 
metric potential well mth a sharp cut-off boundary. In order to obtain a better 
fit of tho theory with the experiment, Woods and Saxon (1964) have introduced 
the idea of rounding off the edge of the nuclear potential well and subsequently 
various authors have confiiined better agreement with experimental results for 
the scattering of protons for various energy values. For the purpose of reducing 
the very high values of the theoretical cross sections at large angles obtained 
in paper 1 we introduae here the idea of diffusivity of Woods and Saxon type in 
the nuclear potential at the boundary of the spheroidal nucleus. The spin-orbit 

•Tho oontoixts of the paper wei-o pi-esentod at tfio Sympgaium bn Collisional Prooeasea 
hold in Dehradun from March 10 to 12, 1962. 
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coupling term has been neglected. The Coulomb field is generated by a uniform 
distribution of protons within the nucleus. 

The scattering amplitude is calculated by the Born’s approximation method. 
The differential scattering cross section is obtained for the case of a nucleus ori- 
ented in a jiarticular direction which is then averaged over all possible orientations. 
Wo suppose that the nucleus has not suffered any rotation during the time it is 
in interaction with the incident particle (adiabatic approximation). It is assumed 
that the volume of the deformed nucleus remains the same as that of a conventional 
sphere with the same mass . The values of the semi-majot* axis a and the somi- 
niinor axis b of the prolate spheroid are calculated from the constant volume 
consideration and tho value of the electric quadrupole moment of the nucleus 
concerned. The values of the parameters, i2-the nuclear radius of equivalent 
sphere, and the depth of tho real and imaginary part respectively of the 
complex nuclear potential are taken from the paper by Saxon (1960). For com- 
parison with experiment we choose the tantalum nucleus, since it possesses a largo 
eleoti'ic quadrupole moment and hence an appreciable prolate siiheroidal defor- 
mation. 


M A H E M A T I C A K O Ji M IJ L A T I O N 
We write the nuclear potential in elliptic coordinates as 

# 

where $ — gives a prolate spheroid of rotation around the Z-axis with the semi- 
axes a — and h 1, c being half the distance between the foci of the 

prolate spheroid. 

The coulomb potential is given by 

r,‘5r 

spheroid 

Pj/e being the charge density due to the uniform distribution of the protons. 

The scattering amplitude by the Born’s approximation method is given by 

/ - ^-1' HUe+l/Wleik-rcPr 

— /1+/2 

where f■^ and /o arc the scattering amplitudes due respectively to F(r) and r7(r)> 

6 > 
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li being the reduced maSB and SI the energy of the incident proton. For the con- 
venience of calculation it is assumed that the axis of symmetry of the prolate 
spheroid js the Z-VbXm and that the vector K lies in the Z2f*plane. Let a be the 
angle of orientation, the angle between the vector K and the ^-axie. 



Fig J Tlio dn-shed ounro B wpresontB an ‘uppar limit’ to the oxponinontal vaiae of 
the otantlo aeatU-iing cm8a-»o<-.tion and tho aoUd onivo A i-opraaonta tbo 
Ijoltttod* olttHtio SfUttei'ing croflB -section (Gerstcin ot al,). The solid curve 
roprosonta tho thooroticol valoaa of the elaat.o aeattoring oeoaa-aoot.on as 
calculated in this paper. 


In paper I, it is shotvn that the amplitude o{ scattering due to the Coulomb 
potenti when the nucleus is orieni^d at an angle a with respect to the vector 

K, is given by 


/a = 


2m 

)SK;» ■ '(o»X* cos* 


J5;,(V<»”^*oos*»«-i-6‘X*'sin*a). 
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The amplitude of scattering due to the nuclear potential may be written in elliptie 
coordinates as 

== J J pxp {icKiiri cos cos 0 sin a]} 


X iSfigfr ■ 


Now making use of the relation (Watson, Pp-20) 


Jn{Z) = ^ J exp{^(n^?— 2 sm 6))dJ), 
2/n a 


and putting 

, = cosi4r,jvr = /g (F,+iF,) 

KG\/i^— 1 , sin a ™ 2 sin /?, KQ^ cos a = Z cos p 


we get 


= —N f J exp {iZ cos /? cos i/r) JJ^Z sin ^ sin f) sin fd^di/r 

With the help of the following relation (Watson, Pp-379), 

J exp(jZ cos 0 . cos i/r)Jv-^{Z sin 6 sin ^)C'/(cob 0) sin 0''+^ , dd. 

0 


= [ ^]* i' sin-iifr . Or' (cos <lr) . Jy^(Z). 


we obtain 




L \KCI 

' a' 


l-(-c(£-£o)/o' 


X (JCyf*— sin® a) | j 
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Integrating by parts, we' get 


fi 


a J [l+e{V-So)/ft'y 


£|^ 2 _ 1 J ^ sin-^ a) 

(^(7y'(2-sjna-^^2 


1 ^6VP‘~inr*a ‘^1*1 {l+e(Mo)^a'p J 

This is the scattering amplitude due to the nuclear potential when the nucleus 
is oriented at an angle a and the integral is numerically evaluated. The differ- 
ontial cross section for the nucleus oriented at an angle a is obtained by taking 
the modulus square ol the sum of the scattering aniplitudi’is due to tlio micloar 
and coulomb potentials. The averaging over all orientations of the nucleus is 
earj'ied out by integrating numerically the differential cross section with respect 
to cos a from 0 to 1. 

The theoretical values of the elastic scattering cross section of 96Mev protons 
by tantalum nucleus are compared with the experimental findings of Gerstoin, 
Niederer and Strauch (1957). 

Wo have used the values of the parameters given by Saxon (I960). 

= ro = 1.25 Fermi 

Fi = 45Mov, Fg = 20 Mev, jE? 96 Mev 

the value of the diffusivity parameter for spherically symmetric potential is 0.65, 
from which w'e have a' = 0.1434. 

BEBULTS AND DIB CU^S SION 

In the previous calculation of scattering of protons by tantalum nucleus in 
paper 1, it has been pointed out that the differential cross section shoves less pro- 
nounced minima when a spheroidal deformation is introduced m a, rec.tangular 
potential. However, beyond the scattering angle of 10'’ the predicted values 
of the cross section obtained with a spheroidal well are considerably large com- 
pared with the experimental results. Our calculations show that the diffusivity 
of the boundary of the spheroidal nuclear potential reduces the values of the scatt- 
ering cross section considerably and more so at large angles. Further according 
to our present calculation the maxima and minima of the theoretical curve for 
the scattering cross section are less pronounced than what has been obtained in 
paper 1, and the curve agi'ees quite closely with the experimental findings. Our 
calculations have been done up to the scattering angle of 45'* since the experimental 
data are available up to that angle only. 
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Because of the very form of the potential, the conservation of angular momen- 
tum is ensured only by transfer of angular momentum from the incident particle 
to the target nucleus: this transfer sets the latter into slow preoessional motion. 
However, the preoission is so slow that one is justified in considering the nucleus 
as stationaj-y for the scattering process as pointed out by Margolis (1959). 
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ON THE RELATION BETWEEN DISSOCIATION ENERGY 
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ABSTRACT, Tlie gunernl volation betwcuiv potentml energy and inierimcleur diHtimoe, 
reeontly propoBod by Lippinuott has been tested for its efl&cacy in relation to Morse func- 
tion, Ono of the important features of lappineott’s relation is tliat it leads to a simple rela- 
tion eonnoctiiig dissociation enorg/, equilibrium internuclear distance, force constant and a 
jiaraineter n. A eomparative study of this relation and the one similar to it , evolved recently 
by bomavajulu, is jireaented. It has been .shown that the empirical relation suggested by 
Lippinuott lor the evaluation oi n is not \ahd, nor m )i a I'.onsiant tor similar molecules in the 
sutiui eleotroiiK. state as suggested by iSomayajuhi. 

.INTKODXJCTIOK 

In tho course of the develoimont of subject of band spectra, the problem of 
lindiiig suitable mathematical functions lor apjiroximating potential energy 
curves has octmpied a good deal of attention. Ot tJie several expressions that 
have been suggested so far, the most widely used is Morse (1929) function, perhaps 
because of the simplicity of its form and the eonvenionoe of obtaining the energy 
levels in closed form. However, although Morse model has been found to repre- 
sent adequately the vibrational energy levels for some electronic states, for others 
it appears to be seriously in error. Several reiinenients of the Morse type of 
functions have, therefore, been suggested. A critical assessment of the relative 
merits of some of these functions has been made by Hulbert and Hirsohfeldor 
(1941) and by Varshni (1957). Of the functions of recent origin, the one dove-, 
loped by Lippincott (1953) promises to be valuable, but has not yet been given 
adequate trial. One of the important features of this function is that, on im- 
posing conditions for .stability, it leads to a simple relation connecting dissociation 
energy with internuclear distance and force constant. This provides a useful 
method for predicting dissociation energies, and if its validity is established, 
it may aid in resolving some of the controversies currently existing in this field. 
It was, therefore, thought worthwhile to undertake a study, on the above linos, 
of the Lippincott’s function and of the relation arising Irom it. 

Cm’iously enough Soinayajulu (1960) has evolved empirically a relation 
similar to the one deduoible from Lippinoott’s function. A comparative study 
of these relations is yet another objective of this communication. 
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IwIPPINCOTT»S FUNCTION AND THE RELATION 
BETWEEN Dfl, AND r^. 

Lippincott proposed the following relation between potential energy and, 
internuclear distanoe : , 

V = A[l-e-’‘W’')“/2'-][I +«/(.)] ( 1) 

where is the dissociation energy referred to the bottom of the potential curve, 
Te the equilibrium bond distance, r the bond distance, a and n are constants, 
Ar — r—r^ and f{r) is a function of the internuclear distanoe chosen such that, 
f{r)— 00 when r — 0 and f{r) =.-= 0 when r = oo. 

This function satisfies most of the criteria desirable of a good potential func- 
tion and according to Lippincott, ha found extensive application in quanti- 
tatively predicting and correlating the bond properties of a large number of diato- 
mic and polyatoiiuc molecules. 

For many purposes the /(r) term is ununportant and the function assumes 
a simple three parameter form : 

r = ... (a) 

By imposing the conditions for stability that 



the following relation may be readily derived from (2). 

(ergs/molecule) ™ (3) 

ke and are fairly accurately known for a large number of molecules. For the 
evaluation of parameter n, Lippincott suggests the following empirical relation. 

... (4) 

where Uq — 6.32 X 10® and and are the ionization potentials of atoms 

A and B respectively, relative to those of the corresponding atoms in the same 
row and the first column of the periodic table. For B atoms Ijl^ has been 
assigned the value 0.88 rather than 1. Justification for the relations (2) and (4) 
has been obtained by Lippincott in subsequent papers (1955, 1967) by showing 
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that these may be derived from a simple quantum mechanical model through the 
use of perturbed delta functions. 

Using relations (3) and (4), Lippincott calculated the dissociation energies 
of 22 molo(Jules. The results were quite reasonable when compared with the ex- 
perimentally determined values, the average percent deviation being 4.5. As has 
been pointed out by Lippincott, tliis percent deviation is considerably larger 
than the experimental error in obtaining k, and which is of the order of 
0.1 per cent; but it is quite reasonable and is considerably better than the per 
cent error obtained for the same set of molecules using the Morse function. 

However, a good potential function should be general and represent the poten- 
tial energy curves for large (slass of diatomic molecules and not just for a few 
favourable examples. In order to test the merits of relation (3), it would bo desir- 
able, therefore, to check it with a wider selection of molecules for which experi- 
mentally determined dissociation energies, bond lengths and force constants are 
accurately known. 

I'ollowiug Lippjncott’s method, wo computed the dissociation energies of 
16 molecules, the constants for which are reliably known. The experimental 
(lata for co^, /i, and I have been taken from Herzberg (1044, 1950), unless 
otherwise specified. The dissociation energies have been taken from Cottrell 
(1958). The results aie presented in Table 1. Values calculated using Morse 
function are also given side by side for comparison. 

The agreement, it will be seen, is extremely poor. Some of the calculated 
values are in utter disagreement with the observed values. Major discrepancies 
are noticed in the cases of CdH, HgH and ZnH. Mulliken (1937) has indicated 
the possibility of a maximum in the potential curves for these molocjules duo to 
tciidcntial approach of two interacting states. Since equation (2) does not load 
to these maxima, it may be argued, that the dissociation energies calculat-od from 
it will not agree with the observed values. However, excellent agreement is ob- 
tained in the case of BeH, which is analogous to HgH and in which we have almost 
certainly tondential crossing. 

It is quite obvious, therefore, that the large discrepancies must be attributed 
to the approximate nature of the relations used rather than to the uncertainties 
associated with the observed dissociation energies. If it is assumed that relation 
(2) represents correctly the actual potential energy function, the discrepancies may 
bo traced to relation (4). This relation was intuitively arrived at by Lippincott 
by realizing that the wave function for the hydrogeu-hke atom involves an ex- 
ponential in D and that tliis form should carry over approximately to an expo- 
nential in the product {1)^1 {I)^B for the wave function for a molecule AB. This 
further implies that the potential energy function should also involve an expo- 
nential in {If A {IfB, The dependence of parameter n on the ionization poten- 

5 
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tials, therefore, seems to be well founded, and hence the cause for the large 
errors is to be sought in the nature of 

TABLE 1 

Dissociation energies (in e.v.) of some diatomic molecules : 



Observed 

Hr . 

Kelations 
(3) and (4) 

Morse 

Kelutiun 

(«) 



Ho 

Hovitt- 
tion % 

Ho 

Devia- 
tion % 

Do 

Devia- 
tion % 

AgH 

2.5 

2 19 

12 4 

2.71 

8.4 

2 17 

13.2 


2.3 (G) 


4.7 


17.8 


5.6 

JiaO 

6 637 

3.90 

.30.8 

6.74 

19.5 

5.35 

5.0 

BoH 

2.3 

2.31 

0.4 

3 57 

65.2 

2.99 

30.0 

GdH 

0.678 

1 43 

110.9 

1.28 

88.7 

0.99 

46.0 

GuF 

3.0 

2.3.5 

20.7 

3.00 

0.0 

2 33 

22 3 

GttGl* 

3 7(H) 

2 10 

43 2 

3.73 

0.8 

2 94 

20 . 5 


4.99(G) 


57.9 


26.2 


41,0 

GeO* 

6.8 

5 58 

17.9 

6.94 

2.0 

5.41 

20 0 

HgH 

0.372 

1.19 

220 4 

0.63 

72.0 

0.47 

20 3 

IGl 

2.15 

2.15 

0.0 

3.10 

44.1 

2.39 

11.1 

InGl 

4.6 

2.00 

55.6 

3.07 

31.8 

2.40 

46.6 

Lil* 

3.5 

1.43 

59.1 

4.05 

15.7 

3.50 

0.0 

JSTal* 

3.1G (H) 

1.27 

59.8 

3.36 

6.3 

2.72 

13.9 


3.07 (G) 


58 6 


9.5 


11.4 


3.11 


59.1 


8.1 


12.5 

PO 

5.4 

5.72 

5.9 

7.12 

31 8 

5.56 

2 !) 

SeO* 

3.5(G) 

4.27 

22.0 

5 47 

56.3 

4.26 

21.7 


5 4(H) 


20.9 


1.3 


21.1 

SiN 

4.6 

5 40 

20.0 

6 19 

37.5 

4.83 

7 3 

ZnH 

0 85 

1 02 

90 5 

1 . 35 

58 8 

l.Od 

22.3 


*The values of for tlioso molooulos are iakon from iSomayiijulu {19(K)). 
H. Herzborg. 

G. Gaydon, (1947) 


In a later paper Lippincott and Schrooder (1955) have suggested that may 
have a characteristic value for each group of similar molecules. Thus, for alkali 
metals and alkali hydrides Mq has the value 4.21 X 10“, while for most molecules, 
where the binding is pnmarjly covalent and including all the raoieciiles of the tourth, 
fifth, sixth and seventh columns of the periodic table iiq has the value 6.32x10®. 

With a view to ascertaining whether Uq has a fixed value for a group of similar 
molecules, we computed, using accurately known experimental data and relation 
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(4), the value of for some molecules whioh will give an exact agreement rvith the 
observed X)„ values. The values thus computed are given in Tabl e II. 

TABbE II 

Values of calculated Iroui tlie known values of /)«, and ionization 
potentials : 


HydridcH 


Oxidofii 


Halides 


Molecule 

«o/108 

Molecule 

Wo/lOB 

Moleculo 


CdH 

11.74 

JlaO 

4.45 

Allli- 

3.16 


Ih .30 

GcO 

5.17 

CIF 

6 . Of) 

KII 

4 3(i 

PO 

6.78 

CuF 

4 98 

LiH 

J 1!) 

'PiO 

5.23 

ICl 

6.31 

NaH 

4 91 

VO 

6.95 

[nCl 

2.74 

ZnH 

10.76 

SeO 

4.99 



AgH 



7.68* 




♦CoriTHpondiiit? to tho Dj, values 5.4 and 3.5 e.v. sugi^osied by Horzberg (1050) and 
and Gaydon (J947) reapeoiively. 


Ah is readily apparent, is not a constant for a group of molecules sucU 
as hydrides or oxides or halides, hut diflers from molecule to molecule. Tt vanes 
appreciably also for molecules, the constituent atoms of vrhich belong to the same 
column of the jicr iodic table. Even for alkali hydrides the value of changes 
from 4.19x10*’ to 4.91 XlO®; and for SeO, though it belongs to sixth column of 
the periodic tfiblo, for an exact agi’eement should be either 4.99x10“ or 7.68 
X 10“ and not 6.32 X 10“. These observations tend to show that is not a constant 
as suggested by Lipiiincott, but is iierhaps a function of certain parameters asso- 
ciated with the molecules. 


SOM AYA.l ULXr.S KEbATION 

It will be interesting to consider at this stage, a relation similar to relation (3), 
but ariived at empirically by Somayajulu (1960). 

Somayajulu finds tho following relationship between dissociation energy 
and intornu clear distance : — 




- 8 


(•">) 


where 8 is a constant for similar molecules in the same electronic state and Dq 
is the dissociation energy measured from the lowest vibrational level, K = 0, 
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The main diffcrenee between Lippincott’s relation and that of Somayajulu 
is that the latter assumed a characteristic value for the constant of equatujn 
(5) for different sequences of molecules, whereas I^ippmcott evaluated tlie constant 
from ionization potentials by means of an empiricjal rule. Komayajulu's method 
is to calculate 8 from accurately known values of and of a molecule and 

use it in computing the dissociation energies of the other molecules in the same 
group. A curious feature of his method is that generally the first member of the 
group comes out to bo an exception. In order to illustrate Somayajulu’s method, 
we shall now discuss in brief the way in which the dissociation energies of Og-typo 
molecules were cahnilated by him. /)„ for 0^ is now well established from the 
convergence limit to be 5.1148 e.v.. Taking as the reference compound, 
one can obtain the dissociation energies of Sg, Se.^, Tcg, 80, 8c0 jiiid TeO. These 
have been given in Table III along with the cx 2 )ei‘Jinental values. There appears 
to he a general agrecuicnt between the calculated values and some of the values 
suggested for these molecules, How'ever, as “the general consensus now in the 
literature is that Dq for SO should be 5.35S e.v.”, ho calculated the dissociation 
energies of the molecules of the above groiij) comiiatible with the value 5.358 e.v. 
for Dq(SO). These ai'c given in column 4 of Table III. 

The results are quite satisfactory for S.^, Seg and Tog, but less satisfactory 
in the case of ScO and ToO. Og constitutes an excc 2 )tion as a first member. 

TABLE III 

Dq calculated by Somayajulu’s relation ■ - 


With Oo as Experimental With 80 as 


Molecule 

the reloreneo 
eorajiound 

value 

the referencif 
eorapouiul 

O 2 

5.1148 

5 1148 

6.433 

82 

3.37 

3 3 

4 243 



3 6 

4.4 


Sej 

2 8 

2.8 

3.55 

3 52 

Teg 

2.2 

2 3 

3 18 

2.78 

SO 

4 2G 

4.2 

5.368 

6 368 

SoO 

3 7G 

3 5 

5.4 

4.736 

TeO 

3 46 

2 728 

3 453 

4 372 


Leaving aside the question whether such a pro(*,eduro is justifiable or not, 
one should expect that since both Lippinoott and Somayajulu use similar 
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relationahijj they should lead to identical conclusions. Although the' constants of the 
two relations have been arrived at by entirely different procedures, if it is assumed 
that s\ich a relationship exists between and 7)^, the constants (allowing for 
the fact that one relation involves while the other involves should differ 
only to the extent of the order of exj)erimontal errors in obtaining (piantitios 
involved in their evaluation. Hence the relations should allow an unambiguous 
selection when two or moi'e wddely differing alternative values are proposed. It 
would bo interesting to examine the dissociation energies of some such molecules 
in the light of the above argument. 

There has boon some controversy about the dissociation energy of BrF and 
the suggested values are 2.16, 2.384 and 2 6 e.v.. Soinayajulu’s relation gives 
2.637 e.v. supxiorting the value 2.6; while the value obtained from Lip[iincott’s 
relation is 2.336 e.v. wlii(;h is close to the value 2.384. Similar observations have 
also been made in the case of AgH, AuH, and SeO and have been tabulated in 
Table IV, 


TABLE IV 

Dq calculated by Lippincott’s and Somayajulu’s relations : — 


Moleoulc 

Experimental 

values 

LlllJUlieott 

Somayajulu 

llrF 

2.10 

2 38 

2 34 

2.04 


2.60 




HeO 

3.0 

5.4 

4.27 

4 73 

AgH 

2.3 

2.5 

2.19 

2.53 

AuH 

3 1 

4 1 

3.12 

‘ 4.12 


Thus although the relation (3) and (6) are identical in some respects,, the 
conclusions arrived at from these, are diverse. We, therefore, conclude from the 
above analysis that the relations (3) and (6) with the constants defined in the 
manner suggested by the respective authors do not have universal application 
and the agreement observed by them seems to be somewhat accidental. The 
true relation probably depends upon parameters which will require detailed know- 
ledge about molecular force fields. 

BELATION INDEPENDENT. OF w 

Although relation (3) which is derived from relation (2), fails to give correct 
disBoedation energies, one must not hasten to conclude that Lippinooit’s function 
(2) is in any way inferior to Morse’s. On the contrary, as will be shown in the 
following lines, in some respects it may be considered to be a desirable advance- 
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inont over Morse function. The failure of relation (3) must be attributed, as shown 
above, to the lack of knowledge regarding the nature of the parameter n. 

By expanding V in a power series to the quartic term in Ar, followed by the 
comparison of the corresponding terms with those expected for the solution of the 
iSchrodinger equation for an anharnionic oscillator, the following relation is 
obtained : 


A (erg./molecule) = 


... ( 6 ) 


This equation offers a check on the potential function independent of the empiri- 
cally evaluated constant n. values calculated using relation (6) are given in 
Table I. The calculated values, in general, represent a marked improvement 
over those calculated from the Morse relation or from relation (3). 

The error is signific-antly lower than that due to Morse. Even in the cases of 
CdH, HgH and ZnH, the gulf between observed and calculated values is consi- 
derably narrowed down by relation (6). This promotes confidence in Lippincott’s 
relation. 


POTENTIAL CUllVEH 

The validity and usefulness of a potential energy function, however, must 
not be judged merely by its behaviour at its extreme limits. The function may 
satisfy the requisite criteria at r — 0, r — re and r — co and yet may be away from 
the actual curve in the intermediate positions. It is, therefore, necessary to exa- ^ 
mine Lippincott’s function from this point of view also. 

With this end in view, we have constructed potential curves for -X'V,* 
states of Ca and and B^tTj, states of Na, from Lippincott’s as well as Morse 
functions (Figs. 1 and 2). The curves correspond to the electronic states giving 
rise to the transitions corresponding to Swan system and second positive system 
respec-tively. The worst practical defect of the Mox'se function is that it generally 
gives too great an assymmetry as compared to the actual cases. It rises too 
steeply for r < r„ and too slowly for r > This defect has been considerably 
reduced in the case of Lippincott’s function as is apparent from the figures. 

The intermediate behaviour of the function may be judged by considering 
the role, the curves play in predicting the most probable vibrational transitions. 
The course of the most probable transitions obtained from the curves on the basis 
of the Franck- Condon principle, should closely fit with the Condon parabola 
obtained experimentally. 

In Table V and VI we give some of the most probable transitions for the afore- 
mentioned two systems predicted from the two sets of curves. For comparison 
for (Swan) system we give the experimental data obtained by Tawde and Laud 
(1954) for the stabilized alcohol-air flames, and for Ng (second positive) system, 
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the data obtained by Tawde and Patankar (1963) using d.c. discharge as the 
source for excitation. 


36400 

Ml 

1 

.L 

as 200- 

1 

1 

L- LIPPINCOTT function 


\ 

M- MORSE FUNCTION M 


•t \ 

; r 


* 

• 1 

f / 

26000- 

V ‘ \ 




‘tv- 



2S 600- 


.H., 



a * 

3 2400- 

’’ 

\ */• 

\ = 1 

£ 

u 



i 19 300- 


»■ — 

§ 


L ' 

g 16000- 

M 

/ 


\ 

/ P 

laeoo- 

' 

/ / 


>■ 

/ / 


•, 1 

// 

oeOO- 

\ \ 

' fu 


'JL 




77/“® 

1 

6400* 

\ 1 

\ 

\ " 



f'-' ' 




3 200- 



O 




II 12 13 M IS le yt 


R IN a” 

FIG I POTENTIAL ENbRGT CURVES FOR Ca. (sWANJ SYSTEM 


TABLE V 

Some of the most probable transitions : (Swan) system 


Morse X^ippineoit Experimental 


0, 1 

0. 1 

0, 1 

l/y 

1, 3 

L 


2, 4 

' 2 , 3 


^ma^i >^inax 

Morse Lippincott Experimental 


1, 0 

1, 0 

1, 1 

2 , 1 

2, 0 

a, 1 


a. 1 


3, 2 

3, 1 

3, 2 


3, 2 





fining 



V*’mix 


Morse 

Lippinoott Exporimentul 

Morse 

].iippincoli Experimentnl 

0, 3 

0, 2 

0, 1 

2, 0 

2, 0 

1 

I, 5 

1, 4 

1, 3 

3, 1 

3, 0 

3, 1 

3, 1 

2, 7 

2, 5 

2, 4 

4, 1 

4, 2 

4, 1 

4, .2 


In both the cases, on the r^nax ^ — the experimental distribution 
is more in accord with the Morse distribution than with Lippincott’s. On the 
other side, however, the Morse rlistribution is seriously off. Lippincott’s curves 
give a slightly broader Condon parabola than the experimental one, deviation on 
either side being approximately the same. 
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The relative poeitions of the three parabolae reveal that the behaviour of 
Lippincott s function is better than Morse’s, particularly in the region r ■< 
and it is, therefore, concluded that it can be considored to be a signihcant im- 
provement over Morse’s. 

One of the disadvantages of relation (2) is that it predicts = 0 for all dia- 
tomic molecules. Although the values of are small for the ground states of 
diatomic molecules, they are definitely not zero. This suggests that in (1) ‘a’ 
is not zero. With this, the internuclear potential function assumes a fiv^e-para- 
meter form. Lippincott, Steele and Caldwell (1961) assumed that, for large values 
of r, the /(r) term takes the form of a Lemiard-Jones 6—12 attraction potential, 
which is compatible with the conditions that /(r) is expocsted to satisfy. Using 
this they calculated dissociation energies for a number of molecules. A close 
scrutiny of the values reported by them shows that although the five-parameter 
function brings about an improvement in some cases, it causes a further deteri- 
oration in others and hence it is concluded that no further advantage can be ob- 
tained by using it for the calculatioji of D^. 
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THE CRYSTAL STRUCTURE OF 3,5-DlBROMO 
PARA-AMINO BENZOIC ACID 

A. K. PANT 

iNDiAN AHSOfifATION ?OH TJIE CULTIVATION OF SOUSNCE, JADAVPITR, 

CALOUra'TA-32. 

(Recewed August 24, 1 U62) 

ABSTRACT. 3,5-clibroiuu para-ainino bonzoic acid oryHtallizoR in oithorhoinbic 
sysLem with a -= 22.46, 6 = 19.47, c — 3.94A with eight inoloculos per unit ceJl. From extinc- 
tion conditiona poasibio space groups were Pi»/iaii ^wd Paan- The statistical teat ol‘ Howells 
al. to the (001) projection showed the presenco of centre of synuiietry thereby proving it 
to bj 1*21111- (001) and (010) Patterson projections gave the approximate co-ordinale.s 

of bromine atoms and thus a trial structure was obtained which W'as subsequently rerini'd by 
Fourier syn theses. 

The structural formula of 3.5-drobromo jj-amiiio benzoic acid is 



No goniometric or X-ray data arc available for this compound. Good single 
crystals were obtained by slow evaporation of a saturated solution of the subs- 
tance in a mixture of equal amounts of ethyl alcohol and acetone at room 
temperature. The crystals a^re orthorhombic and grow in the form of needles 
elongated along the c-axis. 

The approximate unit cell dimensions were determined from the rotation 
photographs about the throe crystallographic axes. More accurate values were 
obtained from the high angle reflexions, for which and oc^ were resolved, in the 
zero layer Weissenberg photographs along the a and c-axoe, using the method 

660 
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of and Lipson (1946). Film shrinkage correotion was applied (Srivastavai 

1969). The cell dimensions ax'e : 

a 22.461 
h == 19.471 
c= 3.941 

The observed density at 26°C, measured by flotation in a mixture of ethylene 
dibromide and mercuiy diethyl is 2.26 g.cm^*. The calculated density for eight 
molecules per unit coll is 2.27g.cm“^. 

Zero layer Weissenberg photographs along the a, h and c-axes and the first 
and second layer-line equi -inclination Weissenberg photographs along the c-axis 
were taken using 0„ K„ radiation. The systematic absences are consistent 
with the space groups (centrosymmetric) and Pgup (non-centrosymmetric). 
The N(z) statistical test (Howells, Phillips and Rogers, 1960) was applied for the 
[001] zone for wdiich the projection is centric for Pmim and acentric for P.^,„i. The 
N(z) values for different values of z are plotted in Fig. 1 . The continuous curves 
are the thooretuial ones, IL is clearly seen that the experimental values of N( 2 ;) 
agree YQry well w'ith the theoretical curve for the centro-symmetric case, thereby 
imx)lying the space group is Z',,,,,,,. ThiwS conclusion was confii’med by (001) Patterson 
and electron density projections. 



The (001) Patterson projection gave the approximate x and y co-ordinates 
pf the bromine atoms, Assuming the usual bond lengths and angles and a plane 
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molecule, a trial structure was postulated. I^igns of the structure factors, ob- 
tained on the basis of the trial structure were then used to compute the (001) 
electron density projection. The x and y co-ordinates were refined by the usual 
iterative process. The (010) Patterson projection gave the 2 - co-ordinates of 
the bromine atoms. The z-co-ordinates of the other atoms were fixed from 
standard bond length considerations. Using the observed structure amplitudes 
and the calculated phases (signs), the (010) electron density projection was ob- 
tained, 



Fig. 2 shows the projection of the molecules on the (001) plane. The asym- 
metric unit consists of two half molecules. The atomic parameters obtained at 
this stage are listed in Table 1 . The z-parameters have rather large eiTors at this 
sta^G « 
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TABLE I 


Atom 

xfa 

Vlb 

z[g 

Atom 

®/a 

y!^ 

zjc 

Br 

0.1284 

0.2826 

0.1642 

Br' 

0.2164 

0.1329 

0.8200 

N 

0 

0.3330 

—0 0066 

N' 

0.1629 

0 

0.5000 

Cl 

0 

0.2789 

0 1924 

Cl' 

0.2294 

0 

0.6000 

Ca 

0.0539 

0.2428 

0.2865 

C/ 

0.2564 

0.0536 

0.6264 

C{| 

0.0539 

0.1808 

0.4746 


0.3179 

0.0538 

0.6264 

O4 

0 

0.1483 

0.5688 

C 4 ' 

0.3404 

0 

0.5000 

Cs 

0 

0 0844 

0 7680 

C,' 

0.4161 

0 

0.5000 

0 

0 0498 

0 0578 

0.8694 

O' 

0.4388 

0 0523 

0.6223 


The reliability index, which was obtained with unobserved reflexions taken 
as half the miniinum observable value, is 0.177 for (hkO) reflexions and 0.193 
for {hOl) reflexions. In the calculation of structure factors, the atomic-scattering 
factor curves of Berghuis et al. (1955) foi* carbon, nitrogen and oxygen and that of 
Thomas and Uineda (1967) for bromine have been used. The overall tempera- 
ture factor, obtained by Wilson’s method (1942), used for {hhO) reflexions is 1.5l“. 
The same temperature factor was used for the other projection as well. Further 
refinement of the structure is in progress. Details of the investigation will be 
published shortly. 
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THE CRYSTAL STRUCTURE OF 1,8-DIHYDROXY 
ANTHRAQUINONE 

ANAND PRAKASH 

Indian Ass'rK’iA.TiON foh the ('i'ltivation of SriEiMCK, 

.IauAVPUU, t'Al,UUTTA-!l3 

{Received Bepi ember 9 ^ 1902 ) 

•The space group of ] ,8*(lihyflroxyanthraquinone along with ihe other orys- 
iallographic data was given earlier by Jagannadham (1967). The axial lengths 
are 


a = 6 = 5.86J, 31.33^. 

The crystal belongs to the tetragonal class. The space group is 
oj* its euantiomorpliic equivalent and contains four molecules per unit 

cell. It is noncentrosyinmetric and has four equivalent points. 

In the present investigation the space group was confirmed and the axial 
lengths wore found to be correct within the accuracy of rotation method. For 
intensity measurement of (Ohl) reflections, zero-layer normal beam Weissenberg 
photographs were taken about the [100] axis, using the Ou /f^-radiation from a 
Radon House sealed unit run at 40 KV and 15 mA. The different times of 
exposure varied from 12 minutes to about 50 hours. Relative integrated intensity 
measiirements were made Avith the Moll recording miorophotometer. They 
were placed on absolute scale by Wilson's method (1942) and thus the stucture 
amplitudes of (Ohl) reflections were evaluated assuming the costal to bo ideally 
imperfect. 

In deducing the trial structure, the molecule of 1,8-dihydroxyanthraqumone 
was assumed to bo planar with bond lengths and bond angles of anthraquinone 
(Murty, 1960) and standard bond length of C— 0 bond. A reasonably accurate 

654 
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struotuie was obtained mainly by tbo method of trial and error. Using these 
trial co-ordinates, the stmcturo factors of all the observed (Okl) reflections were 



oaloulated. This showed a JR value 40.5%. The atomic scattering factors of 
carbon and oxygon were taken from Eerghuis ei al (1955) and an isotropic B 
factor of 3.0A^ and 3.5A“ was used for carbon and oxygen respectively. The 
prelinimary structure was refined by successive Fourier projections on (100) 
in wliioh the molecule is well resolved, As the equivalent points for (100) are 
{y* ^ \ 2?, the projection of the first and second molecule 

on (100) gave all the {xyz) co-ordinates. 

The co-ordinates of 1, 8-dihydroxyanthraquinone after fourth Fourier pro- 
jection on (100) arc given in Tabic I. The projection of the molecules on (100) 
is shown in the Fig. 1, 
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Fi'actional co-ordinates 


Atom 

X 

y 

s 

Atom 

X 

y 

z 

Oi 

+ 0 441 

+ 0.545 

1 0 0948 

<-ho 

-1 0 2.93 

+ 0.031 

+ 0.0324 

C2 

H- 0.248 

0.556 

+ 0.0648 

(hi 

+ 0.404 

40.044 

-0.0031 

C3 

+ 0.200 

+ 0.992 

H 0,0342 

Cl 2 

+ 0.431 

+0.207 

+ 0 0.933 

O4 

1 0.055 

1-0 .960 

fO 00.96 

(^73 

1 0 584 

+0.253 

+ 0 0660 

O5 

F 0.067 

+ 0.200 

-0.0342 

C14 

1 0.68.9 

! 0 404 

+ 0 0961 

^ '0 

-0 098 

+ 0.167 

-0.0626 

Oi 

-0.129 

1 0 529 

-1-0 0025 


- 0 061 

4 0.0.93 

~0 0932 

02 

1 0.578 

-0 101 

-0 0029 

Oh 

1 0.097 

-0 130 

-0 0955 


1-0.112 

-! 0 710 

+ 0 06.92 

On 

+ 0 2.59 

-0 128 

-0.0658 

04 

—0.269 

+ 0.308 

-0 0620 


The roliability factor R is 26.0% for {Okl) reflections, leaving out the unob- 
servotl reflections. The high R value inspito of good general agreement is due to 
large number of weak reflections. Further refinement by (Fo— Fc) synthesis 
and other standard methods is in progress. 

Author is indebted to Dr. R. K. Sen, D.Sc., lor suggesting the problem and 
guidance and to Prof. K. Banerjee for his keen interest and encouragement. 
The author is also grateful to Dr. XJ. C. Sinha for the valuable suggestions and to 
C.S.I.R. for financial assistance. 
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STUDY OF SILVER FULMINATE BY X-RAY DIFFRACTION 
S. N. PANDEY 

Defencis JlHSEARCtt Feij^ow, D.R.L. (S), KAWPtJE. 

{Receiv&d January, 17, 1962, BeaubmHlcd April 2i, 1902) 

Plate VIIIA and VIIIB 

Singli(If)59) has o.alculatodthe unil cell dimensions from Weissonberg X-ray dif- 
fraction photograph of silver fulminate and has shown that it has got orthorhombic 
body centred structure. A STM X-ray card index gives the powder pattern of 
silver fulminate. Tlie analysis of the ASTM X-ray data did not confirm the 
previoiKs findings. It is, therefore, desirable to study further the structure 
of silver fulminate crystals. 

(crystals of silver fulminate have been prepared by two different methods. 

(a) 20 c.c. of AgNOg (40% in HNO 3 s.p. gr. 1.2) solution was added to 
30 CO of 96% ethyl alcohol, heated up to 70° C. It was purified by 
wasliing. This was further crystallised out from 20% of freshly prepared 
ammonium acetate solution, containing a little amount of acetic acid, 
so a.*^ to bring the pH of the solution to 4,5 to 6 , which was heated to 
65°C. The crystals were obtained by controlled cooling. After washing 
white, pale, hard and transparent crystals were found; this is referred 
as sample A, 

(b) The procedure was similar to above except that 10 % HNO 3 was used. 
Crystallisation was done in absence of Acetic Acid. The pH of the 
solutions was 7,7-8, Crystals were white, opaque, fragile. This is 
referred to as sample B. A Microphotograph of the sample B is shown 
in Fig. 1. 

X-ray diffraction pattern was taken using filtered Cu-K„^ radiation at 40kv- 
20 ma. About 20 crystals of sample B were examined. Plato VXIl A & B gives 
the X-ray diffraction pattern of the samples A and B. 

Sample A gave layer line photographs and sample B always gave a powder 
diffraction pattern in spite of the fact that crystals having well defined edges 
were used. The unit cell dimension were calculated from A, which were approxi- 
mately the same as those found by Singh’ (a = 6.04A, h = 3 . 88 A, c 11 . 2 A). 

. w : \ _ 
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From these kno'wii values of cell dimensions, the powder dif&action pattern of 
sample B was analysed. Table 1 gives the values of sin*^^ (observed), possible 
indices and calculated values of ain^^^jj;^ on the above basis of sample B. 



Fig/ 1. The raiorophotograph of sample B. The edges of t.lio crystals oiio well defined, 


TABLE I 


' Lines 

Observed 

Sin2 d 

Indices 


I (obs) 

T (cal) 

1 

2 

3 

4 

5 

6 

7 

1 

8.15 

0.0202 

002 

0.0160 

100 

100 

2 

12.16 

0.0443 

oil 

0.0400 

86 

73 

3 

14.39 

0,0617 

111 

0.0603 

39 

91 

4 

16.16 

0.0684 

201 

0.0697 

40 

40 

5 

16.70 

0.0826 

013 

0.0818 

33 

39 

is 

17.15 

0.0870 

202 

0.0840 

63 

29 

7 

17.50 

0.0904 

104 

0.0917 

41 

27 

8 

19.80 

0.1147 

014 

0.1149 

70 

25 

9 

23.40 , 

0.1577 

016 

0.1579 

00 

12 

10 

23.60 

0.1600 

120 

0.1630 

35 

11.6 

11 

24.25 

0.1687 

121 

0.1677 

33 

10.9 

12 

24.95 

0.1780 

214 

0,1799 

34.8 

“ 19.8 

13 

26.26 

0.1830 

205 

0.1820 

28 

9.5 

14 

20.07 

0.2359 

206 

0.2349 



15 

29.97 

0.2493 

107 

0.2476 



16 

30.20 

0.2530 

305 

0.2542 



17 

31.70 

0.2761 

402 

0.2780 



18 

32.60 

0.2903 

320 

0.2930 



Id 

33.95 

0.3119 

322 

0.3126 



20 

34.76 

,0.3267 

108 

0.3186 



21 

36.89 

0.3613 

031 

0.3593 
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It may be noted that odd values of A, Jc, I have been found. Therefore it is 
indicated that sample B differs in crystal structure from that of A, This has 
been tothor found true by intensity measurements. It is found that observed 
intensities of the linew are quite different from the cahsiilated values, assuming 
it as body centered. 

From the above study it is seen that the stmeturcs of samples A and B are 
different. Though sample B has got all external features tif a single oiystd, 
X-ray diffraction studies show that it is a poly-crystalline sample. The exact 
nature is not known and requires further investigation. It is pointed out that 
unless chomioal processing for obtaining the crystals of silver fulminate is properly 
controlled, one may obtain an unknown poly-ciystalline form whoso struc- 
ture may be quite different from the kmnvn body centered form . Further work 
for determining the space group of sample B is being undertaken. 

The author is grateful to I)i-. Kartar Singh, By. Bean of Institute of Arma- 
ment Sindics, Birkee, lor sugge.sting the problem. The author also wishes to 
thank Shri B. B. Mamgain, SSA, for helping iu the experimental work. The work 
was done with the coopevatiem of Shri W.J.John, Grouj) Officer (Optics and X-ray) 
in the Physics Division of Defence Research Labi^ratory (Stores) Kanpur. 
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A SHORT NOTE ON THE NATURE OF THE CRYSTALLINE 
ELECTRIC FIELD IN TRIVALENT VANADIUM ALUM 
R. CHATTERJEE 

Magnetism Dkpaetment, 

Indian Association tob. this Cttltivation of Sciknce, 

Oai.cutta-32. 

(Received Augvst ]4, 1962), 

Siegert’s theory (1937) of magnetic susceptibility of vanadium ammonium 
alum, has been raodiiied by Chala’avoiiy (1959) who used Abragam and Pryces’ 
Hamiltonian and wave functions. This theory is on the whole, mot'C reasonable 
than the earlier and gives a much better fit with the experimental results. An 
empirical reduction in the value of spin-orbit coupling ft of about 40% ii'om the 
free ion value -hi 04 cm-^ for has to bo assumed owing to overlap of 3d-charge 
cloud with s and p-charge of neighbouring oxygen atoms. It appears, therefore, 
more reasonable to apply to the problem the more general method of the mole- 
cular orbitals. We have started with the molecular orbital for complexes, 
Stevens (1953) and Boso et aL (1960), with the assumption that the magnetic 
eiec-trons aro partly in tbe central d-orbits and partly in p-Oi.’bits round the outer 
nuclei. Under a cubic ligand field the free ion groimd state of ion, splits 
into a degenerate orbital triplet (de)' lying lowest and another triplet (de)" and an 
orbital singlet lying successively above it separated to the order of 10^ cni"’^. The 
comparatively small trigonal component of the field now splits up each of the two 
triplets into a singlet and a doublet with the assumption that lowest singlet is at 
+2/3 and upper doublet— 1/3. 

There is another term ®P arising from the same configuration for the 
free ion, about 9300 cm"^ above ^F (Owen 1955). So the lowest triplet state 
contains an admixture of ®P through the effective “Lande splitting factors” 
a, at* which are greater than unity for P-state ions (Abragam and Pryce, 1951), 
Including the three-fold spin degeneracy of each of the lowest three orbital states 
we get a ninth order secular determinant for spin-orbit interaction and trigonal 
distortion, and solving the determinant, we finally get the eigenvalues and 
the corresponding eigen-states. Applying the first order and second 
order magnetic perturbations we got the principal g-values and susceptibilities. 
The g-values for alums are not available directly from the paramagnetic re- 
sonance measurements, Zverev and Prokhorov (1958) have measured the para- 
magnetic resonance spectrum for vanadium corundum with structure similar 
to the alum, giving gi, = 1.92, cm”^, at 4°K, while calculated indirectly 
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com mean susceptibility values of ammonium alum we get (vanden Handel and 
liegert 1937) gr,, ^ 1 g 7 D == 5.4 om-i at 4'’K. It appears therefore 

hat the fields in those two substances are appreciably different. The agreement 
letween the theoretically calculated mean susceptibility and the experimental 
eaults (Vanden Handel (1937)) assuming a variation of the field coefficient with 
eraperature and reduction of (see Table T), are even better than that obtained 
y ChaWorty, who assumed that the ligand field was constant at all tompera- 
ures. This change of trigonal field with the temperature may arise due to the 
hormal expansion of the crystal and small reorientations of the paramagnetic 
6HgO clusters in the unit oolJ with icinporaturos (Bose ei al 1960, 1961). 


TABLE I 



a = 1.10, 
if|l = .00 

a' — 1.35, 
- .7 , 
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65 

.005 


'J’omi). 

°K 

Trigdiial 

Field 

Aoru”! 
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Kcir/ii 

XlO'^ 


TJ 

eiu-J 
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297.4 

—510 

3080 


3062 


10.0 

(/i, -= 1.92 
(7i - 1.71 

160 8 

—700 

5281 


5275 


8.8 


77 6 

—800 

11326 


11257 


7.8 


64 3 

—860 

13600 


13600 


7 6 


20.18 

—950 

42900 


42400 


6.6 


10.950 

—1000 

50800 


60610 


6.6 


3.968 

—1260 

179000 


178000 


6.4 

= 1.98 
1.87 

1.465 

—1340 

237600 


237000 


5.1 



Detailed calculations will be discussed in a future communication. 

The author is grateful to Professor A. Bose, D.Sc., for his guidance 

id helpful criticism of the work. 
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BOOK REVIEW 


MODERN MAGNETISM" by L. F. Bates, Pp. 514. Cambridge University 

Press, 4th Edition. 45s. net. 

Wiethei' to a sliident or to a research 'worker on Magnetism Professor Bates’s 
“Modem Magnetism” needs no introduction and this is its fourth edition, revised 
with meticulous care to make it up-to-date. Professor Bates is one of the out- 
standing liguros in tlie field of Magnetism and his Avritings on the subject are ini- 
mitable for their lucidity and depth. Standard text books on Magnetism cover- 
ing a wide range of the different aspects of the subject can indeed bo count-od at 
the fingoj's’ end, and the present book .supjilies to a considerable extent the ever 
growing demand of the lieginners as also the more advanced students in the 
field. Also, the research workers find it a compendium of references covering 
a very Avldo range of magnetic phenomena. 

The present edition contains plenty of additions and alterations particularly, 
in respect of the oh; pters on ferromagnetism. ] t is, hov'^cver, felt that the addition 
of sections on inagncto-optic effect, s, and magnetic behaviours of semiconductors, 
in general, in relation to their other properties would have licon very welcome. 
In the chapter on paramagnetic, resonance some discussions on tJie spin-Hamil- 
tonian represontation would have made it complete. 
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